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(57) Abstract: The invention provides 
compounds represented by formula (I) in which 
R\ R^ R\ R^ and n are as defined in the 
q)plication; and individual isomers, racemic 
or non-racemic mixtures of isomers, and 
pharmaceutically acceptable salts thereof. The 
compounds are p38 inhibitors and may be used 
in the treatment of arthritis, Crohn's disease, 
irritable bowel syndrome, adult respiratory distress 
syndrome, chronic obstiucdve pulmonary disease, 
osteoporosis, or Alzheimer's disease. 
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nSTEROALKYLAMINO- SUBSTITUTED BICYCLIC NITROGEN HETEROCYCLES AS INHIBITORS 
P38 PROTEIN KINME 



The present invention relates to bicydic nitrogen heterocydes. More 
particularly, the invention is concerned with certain heteroalkylamino-substituted 
dihydropyrimido[4,5-d]pyrimidinone derivatives, pharmaceutical preparations 
containing them, methods for their use as therapeutic agents, and methods for their 
manufacture. 

Mitogen-activated protein kinases (MAP) are a femily of proline-directed 
serine/threonine kinases that activate their substrates by dual phosphorylation. The 
kinases are activated by a variety of signals induding nutritional and osmotic stress, 
UV light, growth feictors, endotoxin and inflammatory cytokines. One group of 
MAP kinases is the p38 kinase group which includes various isoforms (e.^., p38a, 
p38p and pBSy). The p38 kinases are responsible for phosphorylating and 
activating transcription fectors as well as other kinases, and are themselves activated 
by physical and chemical stress, pro-inflammatory cytokines and bacterial 
lipopolysaccharide. 

More importandy, the products of the p38 phosphorylation have been shown 
to mediate the production of inflammatory cytokines, induding TNF and IL-1, and 
cydooxygenase-2. Each of these cytokines has been implicated in numerous disease 
states and conditions. For example, TNF-a is a cytokine produced primarily by 
activated monocytes and macrophages. Its excessive or unregulated production has 
been implicated as playing a causative role in the pathogenesis of rheumatoid 
arthritis. More recently, inhibition of TNF production has been shown to have . 
broad application in the treatment of inflammation, inflammatory bowel disease, 
multiple sclerosis and asthma. 
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TNF has also been implicated in viral infections, such as HIV, influenza 
virus, and herpes virus including herpes simplex virus type-1 (HSV-1), herpes 
simplex virus type-2 (HSV-2), cytomegalovirus (CMV), varicella-zoster virus 
(VZV), Epstein-Barr virus, human herpesvirus-6 (HHV-6), human herpesvirus-? 
(HHV-7), human herpesvirus-8 (HHV-8), pseudorabies and rhinotracheitis, 
among others. 

Similarly, IL-1 is produced by actirated monocytes and macrophages, and 
plays a role in many pathophysiological responses including rheumatoid arthritis, 
fever and reduction of bone resorption. 

The inhibition of these cytokines by inhibition of the p38 kinase is of benefit 
in controlling, reducing and aUeviating many of these disease states. 

In one aspect, the present invention provides compounds represented by the 
formula: 




wherein 

the subscript n is an integer of from 0 to 3; 

is acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyi, 
heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloalkyl, 
heterosubstituted cydoalkylalkyl, heterosubstituted cydoalkyl- 
alken;^, heterosubstituted cydoalkylalkynyl, heteroallqdsubstituted 
cydoalkjd, optionally substituted heterocydyl, optionally substituted 
heterocydylalk^, optionally substituted heterocydjd spiro cydoalkyl, 
-(alkyiene)-C(0).R" or .(heteroalkylene).C(0)-R"; 

wherein: 
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R" is aDqi. haloalkyi. amino, monosubstituted amino, disubstituted amino, 
optionally substituted cydoaDcyl, optionaDy substituted cydoalkyi- 
alkyi, optionaUy substituted aryl, optionally substituted aralkyl, 
optionally substituted heteroaiyi, optionally substituted 
heteroaralkyi, hydroxy, or alkoxy; 

R^' is each independently in each occurrence alkyl, halo, heteroalkyl or vinyl; 

R is hydrogen, alkyl, heteroalkyl, optionally substituted aryl, optionaUy 

substituted araDcyi, optionally substituted heteroaryl, optionaDy 
• substituted heteroaialkyi, optionally substituted cydoalkyl, 
cydoalkenyi, optionaUy substituted cydoalkyialkyi. haloalkyi, 
cyanoa&yl, heterosubstituted cydoaUcyl, heterosubstituted 
cydoalkylalkyi, heteroaUcylsubstituted cydoaUcyi, optionaDy 
substituted heterocydyi, optionaDy substituted heterocydylaUcyi, 

-(aDcylene)-ao)R", or -(heteroaUcyiene)-C(0)R"; 
wherein: 

R^' is aUcyl, haloaUcyi, hydroxy, aUcoxy, amino, monsubstitnted 
amino, disubstituted amino, optionaUy substituted cydoaUqd, 
optionaDy substituted cydoaUcyiaUqd, optionaUy substituted aryl. 
optionaDy substituted araUcyl, optionaUy substituted heteroaryi, or 
optionaDy substituted heteroaralkyi; and 
R* is hydrogen, aUcyi, or -(aDcylene)-COR"; 

and tiieir individual isomers, racemic or nopracemic mixture of isomers, and tiieir 

pharmaceuticaUy acceptable salts thereof 



The compounds of formula I and tiieir aforementioned salts are 
inhibitors of proton kinases, and exhibit surprisingly effective activity against p38 in 
viva. Interestingly, the compounds of formula I do not exhibit activity against tiie 
T-cdltyrosinekinasep56lckatlevdsbdowabout 10 mM. The compounds can be 
used for die treatment of diseases mediated by die pro-inflammatory cytokines sudi 
asTNFandIL-1. 



Asusedherdn: 
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"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to 
six carbon atoms or a branched saturated monovalent hydrocarbon radical of three 
to six carbon atoms, e,g.y methyl, ethyl, M-propyl, 2-propyi, terr-butyi, pentyl 

"Alkylene" means a linear saturated divalent hydrocarbon radical of one to 
5 six carbon atoms or a branched saturated divalent hydrocarbon radical of three to 
six carbon atoms, c.^., methylene, ethylene, propylene, 2-methyl-propylene, 
pentylene. 

"Alkenylene" means a linear or branched divalent hydrocarbon radical 
containing from two to ten carbon atoms and also containing at least one caxbon- 
10 carbon double bond, e.g„ -ai=CH-, -CH2CH=CH-, -C(CH3)=ai-, 
CH2CH=CHCH2- , and the like. 

"Alkenyi" means a linear monovalent hydrocarbon radical of two to six 
carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon 
atoms, containing at least one double bond, cg.y cthenyi, propenyL 
15 "Alkynyl" means a linear monovalent hydrocarbon radical of two to six 

carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon 
atoms, containing at least one triple bond, e.g.y ethynyl, propynyd. 

"Optionally substituted cydoalkyl" refers to a saturated monovalent cyclic 
hydrocarbon radical of three to seven ring carbons. The cydoalk^ may be 
20 optionally substituted independently with one, two, or three substituents selected 
from alk]4, optionally substituted phenyl, or -C(0)R (where R is hydrogen, alkyl, 
haloallqd, amino, monsubstituted amino, disubstituted amino, hydroxy, alkoxy, or 
optionally substituted phenyl). More specifically, the term cydoalkyl indudes, for 
example, cydoprop)d, cydohexyl, phenylcydohexyl, 4-carboxycydohexyl, 
25 2-carboxamidocydohexyl, 2-dimethylaminocarbon^cydohexjd. 

"Optionally substituted cydoalk)dalkyl" means a radical -R*R'' where R' IS an 
alkylene group and is a optionally substituted cydoalkyl group as defined herein, 
e.g.y cydopropylmethyl, cydohexylprop)i, 3-cydohex^-2-methylpropyl. 

"Acyl" means the group -C(0)R', where R' is hydrogen, alk^, haloalkyl, 
30 heteroalkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally 
substituted aralkyl or optionally substituted heteroaralk]d. 

"Alkoxy", "arylox/*, " aralkyloxy", or "heteroaralkylox/* means a radical -OR 
where R is an alkyl, optionally substituted aryl, optionally substituted aralkjd, or 
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optionaUy substituted heteroatalkyi respectively, as defined herein, e.g., methoxy. 

phenoxy, pyridin-2-yiinethyio3qr, ben2)doxy. 

"Halo" or "Halogen," means fluoro, chloro, bromo, or iodo, preferably 
fluoro or chloro. 

"Haloallcyl" means alkyl substituted with one or more same or different halo 
atoms, e^., -CHzQ, -CF3, -CH2CF3. -CHzCaj. and further indudes 4ose alkyl 

groups such as perfluoroalkyi in which aU hydrogen atoms are replaced by fluorine 
atoms. 

"Hydroxyalkyl" means an alkyl radical as defined herein, substituted with 

one or more, prefiarably one, two or three hydroxy groups, provided that the same 
carbon atom does not cany more than one hydroxy group. Examples are 
2-hydioxyethyi, 2-hydroxypiopyi, 3-hydroxypropyi. l-(hydroxymethyl)-2-methyl- 
propjd, 2-hydroxybutyi. 3-hyd«aybutyl. 4-hydroxy-butyi. 2.3-dihydroxypropyl. 

1- (hydroxymediyl).2.hydroxyetfayl. 23-dihydroxybutyi, 3,4-dihydroxybutyi. 

2- (hydroxymethyl)-3-hydroxypropyl, l-(hydroxymethyI)-ethyl, 2-hydroxy-l,l- 
dimethylethyl, 2-(hydroxymethyI)-propyl, l.l-(dihydroxymediyi)-ethyI, 1-m^yI- 
2,3-dihydroxypropyl, l-(hydroxymethyl)-2-hydroypropyI, l-hydroxymethyl-2- 
methylpropyl. 1-hydroxymethyl-butyi, 1-hydroxymethyi-pentyl. 1-hydroxymethyi- 

3- methyl-butyl, l.l-dimethyl-2-hydroxyethyi. l-(hydroxymethyl)ethyl, 2,3- 
(dihydroxy)-l.methylpropyl, 2.3-(dihydroxy).l.l-dimethyipropyl, l-(hydroxy- 
methyl)-2-hydroxjrpropyi, and l-(hydroxymethyl)propyl. preferably 2-hydroxy- 
ethyi. 2^-dihydroxyprop)d and l-(hydroxymethyi)-2-hydroxyethyl. 

"Monosubstituted amino" means a radical -NHR where R is alkyi. hetcroalkyl. 

haloalkyl or an optionaUy substituted cydoalkyi, cydoalkyialk^. aryi. aralkyi^ 
aralkenyl, heteroaiyl, heteroaralkyl, heteroaralkenyl. heterocydyl, or 
heterocydyialkyi group, eg., methylamino, ethylamino. phcnylamino. benzylamino. 

"Disubstituted amino" means a radical -NRR' where R and R' are, 
indepmdently of eadi other, alkyl, heteroalkyl, haloalkyl, cydoalkyi or In optionally 
substituted cydoalkylalkyl, aryi, aialkyl, aralkenyl, heteroaryl, heteroaralkyl, 
heteroaralkenyl. heterocydyl. or heterocydyialkyi group, or R and R' together with 
thenitrogenatomtowhiditheyareattadicdfi)rmaheterocydyiring. Examples 
indude dimethyiamino, methylethykmino, di(l.methyiethyI)amino. piperazm-l- 
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"OptionaUy substituted aryl" means a monovalent monoqrdic or biqrdic 
aromatic hydrocarbon radical of 6 to 10 ring atoms which is substituted 
independently with one or more substituents, preferably one, two, or three 
substituents selected from alk)d, haloalkyl, heteroalkyl, halo, nitro, cyano, 
5 methylenedioxy, ethylenedioxy, cydoalkji, optionally substituted phenyl, optionally 
substituted heteroar>4, haloalkoxy, optionally substituted phenoxy, optionally 
substituted heteroaryloxy, -COR (where R is alkyl or optionally substituted phenyl), 
-(CR'R")n-COOR (where n is an integer from 0 to 5, R' and R" are independently 
hydrogen or alkyl, and R is hydrogen, alkyi, optionally substituted cydoalkjd or 
10 optionally substituted cydoalkylalkyi) or -(CR'R")n-CONR^R*' (where n is an 

integer from 0 to 5, R' and R" are independendy hydrogen or alk)d, and R^ and R^ 
are, independendy of each other, hydrogen, alkyi, optionally substituted cydoalkyl 
or optionally substituted cydoalkylalkjd, or R"" and R^ together with the nitrogen 
atom to which they are attached form a optionally substituted heterocyd)d ring). 

15 Examples indude phenyl, 1-naphthyl, and 2-naphthyl, and the derivatives thereof. 

••Optionally substituted araflcyi" means a radical -R^R^ where R* is an 
alkylene group and R^ is an optionally substituted aryl group as defined herein, cg.^ 
benz^, phenyleth)4, 3-(3-chlorophen;^)-2-medi^pcnt^ 

"Optionally substituted aralkenyi" means a radical -R^^ i^ere R' is an 

20 alkenylene group and R^ is an optionally substituted aryl group as defined herem, 
eg. , 3-phen)d-2-propen)d, 

^'Optionally substituted ar)dheteroalkyi'' means a radical -R*R^ where R" is 
an heteroalkylene group and R^ is an optionally substituted aryl group as defined 
herein, e.^., 2-hydroxy-2-phenyleth)4, 2-hydroxy-l-hydroxymeth)d-2-phenyiethyL 

25 "Optionally substituted phen)d" means a phenyl ring which is optionally 

substituted independently with one or more substituents, preferably one or two 
substituents selected from alkyl, alkoxy, hydroxy, haloalkjd, heteroalkyl, halo, nitro, 
cyano, methylenedioxy, eth]denedioxy, cydoaIk]d, cydoalkjrlalkyl, -COR (where R is 
alkyi or optionaDy substituted phenyl, -(CR'R")n-COOR (where n is an integer 

30 from 0 to 5, R' and R"* are independently hydrogen or alkyl, and R is hydrogen, 

alkyl, cydoalkyl or cydoalkylalkjd), or -(CR'R*')n-CONR*R^ (where n is an integer 
from 0 to 5, R* and R" are mdependenfly hydrogen or alkjd, and R" and R** are. 



wo 01/29042 



PCT^POO/10088 



independently of each other, hydrogen, alkyl. cydoalkyi or cycloalkylalkyl. or R' and 
R together with the nitrogen atom to which they are attached form a heterocydyi 
ring). 

"Optionally substituted heteroaryi-meansamonovalentmonocydic or 
bicyclic radical of 5 to 12 ring atoms having at least one aromatic ring containing 
one, two, or three ring heteroatoms selected from N, O, or S. and the remaining 
ring atoms being Q with the understanding that the attachment point of the 
heteroaryl radical will be on an aromatic ring. The heteroaryl ring is optionally 
substituted indq«ndently with one or more substituents. preferably one or two 
substituents, selected from alkyl, haloalkyl, heteroalkyi, halo, nitro, cyano. 
optionally substituted cydoalkyi, optionally substituted cydoalkylalkyl. -COR 
(where R is alkyl or optionaEy substituted phenyl. -(CRTl»)„.COOR (where n is an 
integer from 0 to 5, K and R» are independently hydrogen or alkyl. and R is 
hydrogen, alkyl, optionally substituted cydoalkyi or optionally substituted 
cydoalkylalkyl), -NR'R" (where R' and R'^ are independently of eadi other, 
hydrogen, aflcyl, optionally substituted cydoalkyi or optionally substituted 
cydoalkylalkyl). or -(CR'R")„-CONR=R'' (vAere n is an integer from 0 to 5. R' and 
R" are independently hydrogen or alkyl. and R' and R" are. independently of eadi 
other. hydrogen. alkyl, optionally substituted cydoalkji or optionally substituted 
cydoalkylalkyl. or R' and R" together with the nitrogen atom to whidi they are 
attadied form a optionaUy substituted heterocydyi ring). Examples indude. but are 
not limited to. pyiidyi. fiiranyl. thienyl. thiazolyl, isothiazolyi. triazolyl. imidazolyl. 
isomolyl, pyndyl. pyrazolyi. pyrimidinyi. benzofiuanyl. tetrahydrobenzofaranyl, 
isobenzofuranyi. benzothiazoH benzoisothiazdyl, benzotriazolyl, indolyl, 
isoindoiyi, benzoxazolyl. quinolyl, tetiahydroquinolinyi. isoquinolyl, 
benzimidazolyl, benzisoxazolyl or benzothienyl, and the derivatives thereof 

"OptionaUy substituted optionally substituted heteroaralkyl- means a radical 
-R'R" where R' is an alkylene group and R" is a heteroaryl group as defined herem, 
e.g., pyridin-3-yhnethyl, 3-(benzofuran-2-yi)-propyl. and the like. 

"Optionally substituted heteroaralkenyl" means a radical -R'R'' where R* is 
an alkenyiene group and R* is a optionally substituted heteroaryl group as defined 
herein, e.g.. 3-(pyiidin-3-yl)propen-2.yl. and the like. 



wo 01/29042 



PCT/EPOO/10088 



"Optionally substituted heteroqrdyl" means a saturated or unsaturated non- 
aromatic cyclic radical of 3 to 8 ring atoms in which one or two ring atoms are 
heteroatoms selected from N, O, or S(0)ji (where n is an int^er from 0 to 2), the 
remainmg ring atoms being C, where one or two C atoms may optionally be 
5 replaced by a carbonyl group. The heterocyd)d ring may be optionally substituted 
independendy with one, two, or three substituents selected from alkyl, haloalkyl, 
heteroalk}d, halo, nitro> cyanoalkyl, hydroxy, alkoxy, amino, monosubstituted 
amino, disubstituted amino, optionally substituted aralkyl, -(CR*R")ji-COR (where 
n is an integer from 0 to 5, and R is alkyl or optionally substituted phenyl), 

10 -(CR'R")n-COOR (where n is an integer from 0 to 5, R' and R** are independendy 
hydrogen or alkyl, and R is hydrogen, alk)d, optionally substituted cydoalkyl or 
optionally substituted cydoalkjdalkyl), or -(CR'R")n-CONR"R^ (where n is an 
integer from 0 to 5, R* and R" are independendy hydrogen or alkjd, and R* and R** 
are, independendy of eadi otiier, hydrogen, alkyl, optionally substituted cydoalkyl 

15 or optionally substituted cydoalkjdallqd, or R^ and R^ together with the nitrogen 

atom to which they are attached form a optionally substituted heterocydyi ring), or 
-S(0)nR^ (where n is an integer from 0 to 2, and R^ is hydrogen (provided that n is 
0), alk]d, haloalkyl, optionally substituted cydoalkyl, optionally substituted 
cydoalkylalkyl, amino, monsubstituted amino, disubstituted amino, or hydroxy- 

20 alkyl). More specifically the term heterocydyi indudestetrahydropyranyl, 
piperidino, N-meth^piperidin-3-^, piperazino, N-metfayipyrrolidin-3-yl, 3- 
pyrrolidino, 2-oxo-pyrrolidin-l-yI, morpholino, thiomorpholino, thiomorpholino- 
1-oxide, thiomorpholino-l,l-dioxide, l,l-dioxo-tetrahydrothiophen-3-^, 
pyrrolinyi, imidazolinyl, 2-oxo-imida2olidinyl, and the substituted derivatives 

25 thereof like l-(phen)dmeth)d)-piperidin-4-yl, l-(aminocarbonylmeth)4)-piperidin- 
4-)i, l-(methyisulfonyi)-piperidin-4yl, l-(hydroxyethyl)-piperidin-4-yl, l-(2,3- 
dihydroxypropyl)-piperidin-4-)d, l-(2-cyanoethyl)-piperidin-4-yl, l-(l-cyano- 
mcth)i)-piperidin-4-3d, l-(aniinocarbon^methyl)*piperidin-4-yl, l-(ethoxy- 
carbonyl)-piperidin-4-^, l-(2-trifluorethyl)-piperidin-4-^, piperidin-4-^, 1- 

30 methylpiperidin-3-)d and l-meth^piperidin-4-yl. 

"Optionally substituted heterocydylalk^" means a radical -R*R** where R* is 

an alkylene group and R^ is a heterocydyi group as defined herein, e,g.y 
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tetrahydropyran-2-yta,eth5d. 4-methylpiperazin-l-yiethyl. 3-piperidinyimethyl. 1- 
(dimethylammocaibon)dmcthyi)-piperidin-4-ytoethj4,l-a^^ 
ethjd).piperidin-4-ylmetiiyi. l-(2-trifluorethyl)-piperidinyl-4-ybiethyi. 1- 
(cyanoinethyl)-piperidinyi^ylinethyl. l-(ainmocarb6nylniethyl)-piperidmyl^ 
ylmethyl. l-(hydroxycarbonyimethyl)-piperidinyi.4-yiinethyi, 2-(pipmdin-l-yl)- 
ethyl, 3-(piperidin-l-yl)-propyl, 2-(morpholin-l-yl)^yl. 3-(moiphoIm-l-y|). 
propyl, 2-(2-oxo-imidazoUdon-l-yI)-ethyl, 2-(2-Qxo-pynoKdin.l.yl).ethyl. and 
pyrrolidin-l-yl-ethyl. 

"HeteroalkyI" means an allcyl radical as defined herein with one, two or 
three substituents independently selected from -OR', -NR^\ and -SCOnR" (where 
n is an integer from 0 to 2 ). R* is hydrogen.alkyl. haloalkyl. optionaUy substituted 
cydoalkyl, optionafly substituted cydoalkylalkyl, optionaUy substituted heterocydyl. 
optionally substitutedheterocydylalkyl, optionally substituted aiyi, optionally 
substituted aralkyl, optionally substituted heteroaryi, optionally substituted 
heteroaialkyi, alkoxycaibonyl. optionally substituted aryloxycaibonyl, 
carboxamido. or mono- or di-alkylcarbamoyi. R"" is hydrogen, alkyi, haloaHcyi, 
optionally substituted cydoalkyl. optionally substituted cydoalkylalkyi. optionally 
substituted heterocydyl. optionally substituted heterocyd^alk)d, optionaDy 
substituted aryl, optionally substituted aralkyi, optionally substituted heteroaryi or 
optionaflysubstitutedheteroaralkyl R' is hydrogen, alkyl, haloalkyl. optionaUy 
substituted cydoattyi. optionaUy substituted cydoaUcylaUcyi. optionaUy substituted 
heterocydyl, optionaUy substituted heterocydylaUcyl, optionaUy substituted aryl. 
optionaUy substituted aralkyl, aOcylsulfonyl, aUqdcarbonyi, alkoxycarbonyl. 
optionally substituted aryioxycarbonyi, carboxamido or mono- or di-aUtylcarba- 
moyl. R" is hydrogen (provided that n is 0),aDsyl,haIoalk^ optionaUy substituted 
cydoaUcyl. optionaUy substituted cydoaUcylaUcyi, optionaUy substituted heterocydyl. 
optionaUy substituted heterocydylaUcyl, optionaUy substituted aryl. optionaUy 
substituted araUcyl, optionaUy substituted heteroaryi, optionaUy substituted 
heteroaraUcyl. amino, monsubstituted amino, disubstituted amino, or hydroxyaUcyi. 
When R' is hydrogen only, the term "heteroaUcyl" indudes a subset whidi is further 
defined under "hydroxyaUcyi". Examples indude 2-methoxyethyl. benzyloxymethyl, 
thiophen-2-ylthiomethyl, 2.hydroxyethyl, 23-dihydroxypropyl, 3-amino-2.2- 
dimcthyipropyl. 3-dimethylaminopropyl. 3-methylcarbonylanunopropyl. 3-amino- 
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2-hydroxyprop)d, 2-ethoxy-l-ethoxjrmeth)deth)d, 2-diethylaininoethyl, 2- 
methjdthioethyl, 3-dimethylanunoethyl, 3-dimethylaniino-2,2-diinethylpropyl, and 
2-hydroxyethyL 

"Heteroalkylene" means a linear saturated divalent hydrocarbon radical of 
one to six carbons or a branched saturated hydrocarbon radical of three to six 
carbon atoms with one, two or three substituents independently selected from 
-OR", -NR*'R^ and -S(0)nR** (where n is an integer from 0 to 2 ) where, R\ R**, R', 
andR^ are as defined herein for a heteroalkyl radical. Examples include, but are not 
limited to, 2-hydroxyethan-l,l-diyl, 2-hydroxypropan-l,l-diyl and the like. 

"^eterosubstituted cydoaUcyl" means a cydoalk^ radical which is optionally 
independently substituted with one, two, or three substituents selected from 
hydroxy, hydroxyimino (=NOH), alkoxy, amino, monosubstituted amino, 
disubstituted amino, oxo (=0), -OC(0)R' (where R* is hydrogen, alkjd, haloalkyl, 
anuno, monosubstituted amino, disubstituted amino, hydroxy, alkoxy, or 
optionally substituted phenjd), -OR** (where R^ is hydroxyalkjd, haloalkyl, alken^d, 
or alkoxyalkyl), -S(0)nR^ (where n is an integer from 0 to 2, and R^ is hydrogen 
(provided that n is 0), alkyl, haloalkyl, optionally substituted cycloalkyi, optionally 
substituted cycloalkylalkyl, amino, monosubstituted amino, disubstituted amino, or 
hydroxyalkyl) or -NS(0)2R'* (where R** is alkyl, haloalkyl, optionally substituted 
cycloalkyi, optionally substituted cycloalkylalk)d, amino, monosubstituted amino, 
disubstituted amino, or hydroxyalkyl). Examples include, but are not limited to, for 
example, 4-hydroxycydohex]i, 2-aminocydohex]d, (2-methoxyethoxy)cydohexjd, 
4-oxocydohexyl, 4-(methanesulfon^amino)cydohexyl, all^oxycydohexjd, and the 
like. 

*'Heteroalk)dsubstituted cydoalkyi'' means a cydoalkjd radical which maybe 
optionally substituted with one, two, or three heteroalk)4 groups as defined herein. 
Examples indude 1-hydroxymethyl-cydopent-l-yl, 2-hydroxymethyi-cydohex-2- 

"Heterocydyl spiro cydoalkjd" means a spiro radical consisting of a 
cydoalkyl ring and a heterocyclic ring with each ring having 5 to 8 ring atoms and 
the two rings having only one carbon atom in conmion, with the understanding 
that the point of attachment of the heterocydyd spiro qrdoalk]^ radical is via the 
cydoalkyl ring. The spiro radical is formed v^en two hydrogen atoms from the 
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same carbon atom of the qrdoalkyl radical are replaced with a heteroqrdyl group as 
defined herein, and may be optionally substituted with alk)d, hydroxy, hydroxyaBkyl, 
or oxo. Examples include l,4-dioxaspiro[4.5]decan-8-)^, U-dia2aspiro[4.5]decan- 
8-yl, 2,4-dione-l,3-dia2a-spiro[4.5]decan-8-yl> l,5-dioxa-spiro[5.5]undecan-9-yl, 
(3-hydroxjaneth)4-3-methyl).l,5.dioxa-spiro[5.5]undecan-9-yL 

"Leaving group" has the meaning conventionally associated with it in 
synthetic organic chemistry, ie., an atom or group capable of being displaced by a 
nudeophile and indudeshalo (such as chloro, bromo, iodo), alkanesulfonyloxy, 
arenesulfonyloxy, allcylcarbon)doxy (e.g. acetoxy), arylcarbonyioxy, mesyloxy, 
tosydoxy, trifluoromethanesulfon)doxy, aryloxy (e.g., 2,4-dinitrophenoxy), methoxy, 
N,0-dimeth^ydrox]4amino, and the like. 

"Isomerism" means compounds that have identical molecular formulae but 
that differ in the nature or the sequence of bonding of their atoms or in the 
arrangement of their atoms in space. Isomers that diflFer in the arrangement of their 
atoms in space are termed "stereoisomers". Stereoisomers that are not mirror 
images of one another are termed "diastereoisomers", and stereoisomers that are 
non-superimposable mirror images are termed "enantiomers", or sometimes optical 
isomers. A carbon atom bonded to four nonidentical substituents is termed a 
"chiral center". 

"Chiral isomer" means a compound with at least one chiral center. It has 
two enantiomeric forms of opposite chirality and may exist either as an individual 
enantiomer or as a mucture of enantiomers. A mixture containing equal amounts of 
individual enantiomeric forms of opposite chirality is termed a "racemic mixture". 
A compound that has more than one chiral center has 2"^* enantiomeric pairs, 
where n is the number of chiral centers. Compounds with more than one dural 
center may exist as either an individual diastereomer or as a mixture of 
diastereomers, termed a "diastereomeric mixture". When one chiral center is 
present, a stereoisomer may be characterized by the absolute configuration ( R or S 
) of that chiral center. Absolute configuration refers to the arrangement in space of 
the substituents attached to the chiral center. The substituents attached to the chiral 
center under consideration are ranked in accordance with the Sequence Ruk of 
Cahn, Ingold and Prelog. (Cahn ct al. Angew. Ckem. Inter. Edit 1966, 5, 385; errata 
511; Cahn et al. Angew. Chem. 1966, 78, 413; Cahn and Ingold /. Chem. Soc 



wo 01/29042 



PCT/EPOO/10088 



(London) 1951, 612; Cahn et al. Ej^erientia 1956, 12, 81; Cahn, J. Chem.Ediic. 
1964>41,116). 

"Geometric Isomers" means the diastereomers that owe their existence to 
hindered rotation about double bonds. These configiu-ations are differentiated in 
5 their names by the prefixes cis-and tranS" or Z and £, which indicate that the groups 
are on the same or opposite side of a reference plane identifiable as common among 
stereoisomers, for example, a double bond in the molecule or to designate portions 
of substituents on rings rdative to one another according to the Cahn-Ingold^ 
Prelog rules. 

10 "Pharmaceutically acceptable exdpient" means an exdpient that is usefiil in 

preparing a pharmaceutical composition that is generally safe, non-toxic and 
neither biologicaUy nor odierwise undesirable, and indudes an exdpient that is 
acceptable for veterinary use as well as human pharmaceutical use. A 
"pharmaceutically acceptable exdpient" as used in the specification and claims 

15 indudes both one and more than one such exdpient 

"Pharmaceutically acceptable salt" of a compound means a salt that is 
pharmaceutically acceptable and that possesses the desired pharmacological activity 
of the parent compoimd. Such salts indude: 

(1) add addition salts, fonned with inorganic adds such as hydrochloiic 
20 add, hydrobromic add, sulfiiric add, nitric add, phosphoric add, and the like; or 

formed with organic adds such as acetic add, propionic add, hexanoic add, 
cydopentaneproplonic add, glycolic add, pyruvic add, lactic add, malonic add, 
succinic add, malic add, maldc add, fiunaric add, tartaric add, dtric add, benzoic 
add, 3-(4-hydroxyben2oyl)benzoic add, dnnamic add, mandelic add, methane- 

25 sulfonic add, ethanesulfonic add, 1,2-ethane-disulfonic add, 2-hydroxyethane- 
sulfonic add, benzenesulfonic add, 4-chloroben2enesulfonic add, 2-napthalene- 
sulfonic add, 4-toluenesulfonic add, camphorsulfonic add, 4-methyibicydo[2.2.2]- 
oct-2-ene-l-carboxylic add, glucoheptonic add, 3-phen)dpropionic add, 
trime&ylacetic add, tertiary butylacetic add, laur]d sulfiiric add, gluconic add, 

30 ^utamic add, hydroxynapthoic add, salicylic add, stearic add, muconic add, and 
the like; or 

(2) salts formed yAxen an addic proton present in the parent compound 
either is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an 
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aluminum ion; or coordinates with an organic base such as ethanolamine, 
diethanolamine. triethanokmine, tromethamine. N-methyigiucamine, and the like. 

"Pro-drugs" means any compound which releases an active parent drug 
according to Formula (I) in vivo when such prodrug is administered to a 
mammalian subject Prodrugs of a compound of Formula (I) are prepared by 
modifying functional groups present in the compound of Formula (I) in such a way 
that the modifications may be cleaved in vivo to release the parent compound. 
Prodrugs include compounds of Formula (I) wherein a hydroxy, amino, or 
sulfliydryl group in a compound of Formula (I) is bonded to any group that may be 
deaved in nw to regenerate the free hydroxyl. amino, or sulfhydryl group, 
respectwdy. Examples of prodrugs include, but are not hmited to esters (e.g., 
acetate, formate, and benzoate derivatives), carbamates (e.g., N.N-dimethyiamino- 
caibonyi) of hydroxy functional groups in compounds of Formula (I), and the Bee. 
"Protecting group" refias to a grouping of atoms that when attached to a 

reactive group in a molecule masks, reduces or prevents that reactivity. Examples of 
protectinggroupscanbe foundin T.W. Greene and P.G. Puts. Protective, fimnp ^ 
Organic Chemi..tfry , (Wiley, 2nd ed. 1991) and Harrison and Harrison et al, 
Comp^dium of Synthetic Ofranic MpfhnHc Vols. 1-8 (John Wiley and Sons. 1971- 
1996). Representative amino protectmg groups include formyl, acetyl, 
trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert-butoxycarbonyi (Boc). 
trimethyl silyi (TMS), 2-trimethylsil^.ethanesulfonyl (SES), trityl and substituted 
trityl groups, allyloxycarbonyl. 9-fluorenyfanethyloxycaibonyi (FMOC), nitro- 
vcratrjdoxycatbonyl (NVOC) and thelike. Representative hydroxy protecting 
groups indude those where the hydroxy group is either acylated or alk^ted sudi as 
benzyl and trityl ethers as wdl as alkyl ethers, tetrahydropynmyi ethers, trialkylsflyi 
ethers and aHyi ethers. 

"Treating" or "treatment" of a disorder indudes: 

(1) preventing the disorder, ie., causing the dinical symptoms of the 
disease not to develop in a mammal that may be exposed to or predisposed to the 
disease but does not yet experience or display symptoms of the disease, 

(2) inhibiting the disorder, ie., arresting or reducing the devdopment of 
die disease or its clinical symptoms, or 
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(3) relieving the disorder, ie.^ causing r^ession of the disease or its 
clinical symptoms. 

"A therapeutically effective amomit" means the amount of a compound that, 
when administered to a mammal for treating a disorder, is sufficient to effect such 
treatment for the disorder. The "therapeutically effective amount" will vary 
depending on the compound, the disorder state being treated, the severity of the 
disorder treated, the age and relative health of the subject, the route of 
administration, the judgement of the attending medical practitioner, and other 
Actors. 

In one aspect, the present invention provides compounds represented by the 
formula: 



In the main embodiment of compounds of formula (I), R represents an 
aqd, heteroalk^, optionally substituted arylheteroalk^, heteroalkenyl, hetero- 
aHcynyl, heteroalkylcarbon)d, heterosubstituted cydoalkyl, heterosubstituted 
cydoalkylalkyl, heterosubstituted cydoalkylalkenyl, heterosubstituted cydoalkyl- 
alkynyl, heteroalkjdsubstituted cydoalkyl, optionally substituted heterocydyl, 
optionally substituted heterocyclylalkjd, optionally substituted heterocydyl 
spirocydoalkyl, -(alkylene)-C(0)-R^^ group or (heteroalkjdene)-C(0)-R^^; wherein 
R" represents an aUcyi, haloalkyl, hydroxy, alkoxy, amino, monosubstituted amino, 
disubstituted amino, optionally substituted cydoalkyl, optionaUy substituted 
cydoalkylalk}d, optionally substituted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl or optionaDy substituted heteroaralk^ S^o^P* ^ ^ prefisrred 
embodiment, R^ is acyl, heteroalk^, optionaUy substituted arylheteroalkyl, 
heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cydoalkyl. 




R3 



a). 
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heterosubsthuted qrdoalkjdalkyl, heterosubstituted cydoalkylalkenyl, 
heterosubtituted cydoaJkylaBcynyl, hcteroalkykubstituted cydoalkyl, optionally 
substituted heterocydyl, optionally substituted heterocydylalkyi, -{alk)dene)-C(O)- 
R" or -(heteroallcylene)-C(0)-R"; wherein R" is alkyi, haloalkyl, amino, 
monosubstituted amino, disubstituted amino, optionally substituted qrdoalk]d, 
optionaUy substituted cydoalk>ialkyl, optionally substituted sryl, optionaDy 
substituted aralkyl, optionally substituted heteroaryl, optionally substituted hetero- 
aralkjd, hydroxy or alkoxy. 

In a more preferred embodiment of the above main embodiment and 
preferred embodiment, R' is heteroalkyl, optionally substituted arjdheteroalkjd, 
heterosubstituted cydoalkyi, heterosubstituted cydoaHqdaDgrl, heteroaOcyi- 
substituted cydoaDcyi, heterocydyl or heterocydylalkyi. more preferably heteroalkyl 
or heterosubstituted cydoalkjd. In the embodiment vhere R* is heteroalkyl the alkyl 
is preferably substituted with one or two substituflrt independentiy sdected from - 
OR' or -NR'H' wherein R" is hydrogen, is hydrogen, alkyl and R' is hydrogen, 
alkyl and alkylcarbonjd. Particular R^ groups are 3-amino-2,2-dimethylpropyl, 3- 
dimethylaminopropyl, 3-meth)4carbonj4aminopropyl, and 3-amino-2-hydroxy- 
propjd. In a preferred embodiment of heteroalkyl, R' is hydroxyalkyl. 

In the preferred embodiment of heten>alk]d where R' is hydroxyalkyl (R* is 
hydrogen) such group is preferably sdected from 2.hydroxyethyi, 2-hydroxypropyI, 
3-hydroxypropyi, l-(hydroxymethyi)-2-mclhyl-piopyl, 2-hydroxybutj4, 3-hydroxy- 
butjd, 4-hydroxy-butyl, 2,3-dihydroxypropjd, l-(hydroxymefli^).2-hydroxyethyl, 
2,3-dihydroxybutyl, 3,4-dihydroxybutyl, 2-(hydroxymethyi)-3-hydroxypropyl, 1- 
(hydroxymetiiyl)-ethyi, 2-hydroxy-l,l-dimethylethyl, 2-(hydroxymethyl)-propyi, 
l,l-(dihydroxymethyl)-etiiyl), l-metiiyi-2,3-dihydroxyprop)d, l-(hydroxymethyl)- 
2-hydroypropyl, l-hydroxymeth^-2-methylpropyl, l-hydroxymethyl-butjd, 1- 
hydrojcymethyl-pentyl, l-hydrox)anethyl-3-methyl-butyd, I,l-dimetiiyl-2-hydroxy- 
eth)d, l-(hydroxymetfiyl)ethyl, 23-(dihydroxy)-l-methylpropyl, 23-(dihydroxy)- 
1,1-dimetiiyipropyl, l-(hydroxjaneth)d)-2-hydroxypropyl. and l-(hydroxymethyl)- 
prop)4. In still other preferred embodiments, R* is a group having a tetrahedral 
carbon atom attached to the nitrogen atom, more preferably having lower alkjd 
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groups attached to that carbon atom. More preferably the hydroxyalkyl in is 1- 
hydroxy-2-niethyl-2-propyl and l-hydroxy-2-prop)d. 

In the embodiment where is *Tieterosubstituted cydoalkyl" the cycloalkyl 
5 group is preferably optionally independently substituted with one, two, or three, 
preferably one, substituents selected from hydroxy, hydroxyimino (=NOH), 
alkoxy, amino, monoallqrl substituted amino, dialkylsubstituted amino, oxo (=0), 
-OC(0)R^ (M^ere is hydrogen, alkyl, amino> monoalk^ubstituted amino, 
dialkylsubstituted amino, -OR^ (where R^ is hydroxyaDqd, alken^, or alkoxyalkyl), 

10 -S(0)nR^ (\4iere n is an integer from 0 to 2, preferably 2, and R^ is hydrogen 

(provided that n is 0) or alkyi) or -NS(0)2R** (where R*^ is alk^, amino, monoalkyl- 
substituted amino, or dialkylsubstituted amino. More preferably, the hetero- 
substituted cycloalkyl is 4-hydroxycyclohexyi, 2-aniinocyclohexyl, (2*-methoxy- 
ethoxy)cydohexyl, 4-oxocyclohexjd, 4-(methanesulfonylanuno)cyclohexyl, allyloxy- 

15 cyclohexyi, 2-hydroxycyclohex)d, 4-methoxycycloalkyl, 4-methylcarbonyloycyclo- 
hexyl, 23-dihydroxypropyloxycydohexyl, 4-(hydroxyimino)cydohexyl> 4-(methyl- 
suIfonylamino)cydohexyl, 4-(dimethylaminosulfonylamino)cydohexyl, 4- 
formyloxycyclohexyl, 4-(methoxycarbonyloxy)cydohexyi, 4-(anMnocarbonyl- 
oxy)cydohex)d, or 4-(N-methylcarbonyloxy)cydohexyl, with 4-hydroxycydohexyl 

20 (induding ds- or trans-4-hydroxycydohexyi) being most preferred. 

When R^ is "optionally substituted heterocyd^'*, the heterocydyl ring is 
preferably optionally substituted indq)endenfly with one, two, or three, preferably 
one, substituents sdected from alkyi, haloalkyi, heteroalkyl, preferably hydroxyalkyl, 

25 cyanoalkyl, aralkyl, preferably phen^dalkyl, -CR'R")n-COR (where n is an int^er 
from 0 to 5, and R is alkyl), -(CR'R")n-COOR (where n is an integer from 0 to 5, R' 
and R" are hydrogen, and R is hydrogen or aflcjd), or -(CR'R")n-CONR''R*' (where n 
is an integer from 0 to 5, R' and R" are hydrogen, and R* and R^ are, independently 
of each other hydrogen or alkyl) or -S(0)nR^ (where n is an integer from 0 to 2, 

30 preferably 2, and R^ is hydrogen (provided that n is 0) or alkyl). More spedfically 
'Tieterocydyi" is tetrahydropyran^, piperidino, piperazino, N-methylpyrroIidin-3- 
yl, 3-pyrrolidino, 2-oxo-pyrrolidin-l-yl, morpholino, thiomorpholino, thiomor- 
pholino-l-oxide, thiomorpholino-l,l-dioxide, l,l-dioxo-tetrahydrothiophen-3-yl. 
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P)^lmyi.imida2oIinyland2-oxo-iniida2oUdinyl Which a^^ 
as mentioned before; with piperidino derivates such as N-methylpiperidin-S-yl. 1- 
(pheiiylinethyl)piperidin-4-yi. l-(aniinocaibonyhnethyl)piperidin^yl, l-(inediyl- 
sulfonyl)piperidin-4-yl, l-(hydroxyethyi)piperidin-4-yl, l-(23-dihydK>xypropyl)- 
piperidin-4-yl. l-(2-cyanoethyI)piperidin-4-yl, l-(l-cyanoinethyl)pipeiidin^yI. 1- 
(anunocaibonyImethyl)piperidin-4-yl. l-{ethoxycarbonyl)piperidin-4-yl. l-(2- ' 
triflaorethyi)piperidin-4-yI. l-(diinethylaniinocarbonyiinethyl)-piperidiii^.yl. 
l-(2.methoxycarbonyiethyi)-piperidin-4-yi,and l-(hydroxycarbonyimethyi)- 
piperidin-4-yl beii^ more prelferred. 

Where R' is "optionally substituted heterocydylalkyl" the heterocyclyl group 
is preferably as de6ned for "heterocyclyl" as defined for R» hereinafter. Most 
preferablytheheterocydylalkyJis l-(diinethylaminocarbonylmediyi)-piperidin-4- 
ylmethyi. l-(2-methoxycarbonyiethyi)-piperidin-4-^efliyi. l-(2-trifluorethyl). 
piperidinyI-4-ylmethyI, l-(cyanomethyl)-piperidinyl-4-yhnethyi. l.(anuno- 

carbonyimethyi)-piperidinyI-4-yimethyl,l.(hydroxycarbonyimethyl)-piperidm^^ 
4-ylmethyl, 2-(piperidin-l-yl)-ethyi. 3.(piperidin.l.yl)-propyl, 2-(morpholin-l- 
yi)-etbyl. 3-(morpholin-l.yi).propyl. 2-(2-oxo-imidazoUdin-l-yi)ethyi, and 2-(2- 
o«)-pyrrolidin-l-)d)ethyL 

VVhereR' is"heteroalkjdsubstitutedcydoalkyrthecyeloalkyirad^ 
optionally substituted with one. two, or three, preferably one. heteroaDcyl. 
preferably hydroxyalkyl. groups as defined hereinbefore. Preferably sudipoups are 
l-hydroxymethjd-cydopent-l-yi and 2.hydroxjmethyi-cydohHC-2-yL 

When R' is "optionaUy substituted heterocydyl spiro cydoalkyi" it is 
preferably 1.4-dioxaspiro[4.5]decan-8-yI. 1.3-dia2aspirol4.5]decan-8-yl. 2.4-dione- 
l,3-dia2a-spiro[4.5jdecan-8-yl, I,5-dioxa-spiro[5.5]undecan-9-^and (3-hydr<«y- 
niethyl-3-methyl)-l,5-dioxa-spiro[5.5]undecan-9-yL 

Returning to formula I. R^ represents alkyl. halo, heteroalkyi or vinyl and 
can be attadied to the phenyl ring at any of the remaining five valences otherwise 



wo 01/29042 



PCT/EPOO/10088 



18 

occupied by hydrogen. The subscript n is an integer of from 0 to 3, indicating that 
the phenyl ring is substituted by from zero to three groups. For those 
embodiments in which two or three groups are present, each can be independent 
of the other(s). In a preferred embodiment of the compounds of formula I and the 
preferred embodiment of R' mentioned above, n is 1 or 2 and each R^ is halo or 
alkyi, especially methyl, more preferably R^ is halo. Still further preferred within 
this embodiment are those embodiments in which -(R^)n represents 2-halo or 2,6- 
dihalo, more preferably 2-chloro or 2,6-dichloro or where -{R^)n represents 
2-meth]d. 

In the compounds of formula (I) represents hydrogen, alkyl, heteroalkyl, 
optionally substituted ar}d, optionally substituted araUcyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, optionally substituted cydoalkyl* 
cydoalkenyl, optionally substituted cydoalkydalkyl, haloalkyl, cyanoalkyl, hetero- 
substituted cydoalkyl, heterosubstituted cydoalkylalkyd, heteroalkylsubstituted 
cydoaDqd, optionally substituted heterocyd^, optionally substituted hetero- 
cydylalkyl, -(alkyiene)-C(0)R^^ or -(heteroalkylene)-C(0)R^^ wherein R^^ 
represents alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted amino, 
disubstituted amino, optionally substituted cydoalkyl, optionally substituted 
cydoalkylalkyi, optionally substituted aryi, optionally substituted aralkyl, optionally 
substituted heteroaryi and optionally substituted heteroaraUqd. 

In a preferred embodiment, R^ is sdected from hydrogen, alkyl, heteroalkyl, 
ar^, especially phenyl, aralkyl, espedally phen^methyi, cydoalk)^, haloalkyl, 
cyanoalkyl, heterosubstituted cydoalkyl, heterocydyl, -(alkylene-C(O)-R^'; wherdn 
R*^ representy alkyl, hydroxy, alkoxy, amino, monoallqdsubstituted amino and 
dialkylsubstituted amino. 

In a more preferred embodiment, R^ is sdected from hydrogen, alkyi, 
cydoalkyl, haloalk)d, heteroalkyl, heterocyd)d and heterostibstituted cydoalkyl 
More preferably R^ is hydrogen, alkyl, haloalkyl or heteroalkyl. In a particularly 
preferred embodiment, R^ is hydrogen. In anotiier particularly preferred 
embodiment, R^ is meth^. In yet another group of particularly preferred 
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embodiments, is haloalkyl, especiaDy 2,2,2.triflaorethyI, or is heteroallcyl, .vith 
2-ethoxy-l.ethoxymetfaylethyl, 2-diethyiaminoethyl, 2-methylthioethyl 3- 
dimethylaminoethyi, 3.dimethylamino-2,2.dimethyipropyl, and 2.hydxoxyethyI 
being particular preferred heteroalky] groups. 



lene- 

1 



In compound of fonnula (I) represents hydrogen, alkyl, and -alkyl^- 
COR . Inapreferredembodiment,espedallyregardmgthemainandprefeiTedR' 
embodiment mentioned before, represents hydrogen. Where R* represents 
-alk)dene-COR" it is preferably -CH2CONH2. 

In addition to the compounds described above, the present invention 

mdudesaDphannaceuticaDy acceptable salts of those compounds along with 

prodrug forms of the compounds and an isomers whether inapurechiial form ora 
racemic mixture or other form of mixture. 

Stfll further, combinations of the preferred groups described above will form 
other preferred embodiments. In one group of the main, the preferred, andmore 
preferred R' embodiments R' is heteroalkyi. R^ is halo or methyl. R» is methyl, and 
nisi or 2. 

In mother group, wherein R' is heterosubstituted cydoalkyl. R^ is halo or 
methyl. R' is methyl and n is 1 or 2. espedaUy wherem R' is hydroxycydoalkyl. 
mduding cis- or trans-hydroxycydoalkyl, in particular ds- or trans.4-hydioxy. 
cydohexyL 

In a farther group, wherein R' is heterocydyl or heterocydylalkyi, R* is halo 
or methyl. R' is methyl or hydrogen and n is 1 or 2, or wherein R^ is halo or methyl. 
R3 is heteroalkyi and n is 1 or 2. 



Particular preferred compounds are sdected from the group of 7-(iran5- 

4-hydroxycydohexylainino)-3.4-dihydropyrimido[4.5.dJpyrimidin-2(lH)-one 
(2-dilorophenyl)-7-(tetrahydropyran-4-ylamino)-3.4-dihydropyrimido[4.5-dJ- 
pyrimidin-2(IH)-one,7-[l.(2-hydroxyethyl)-piperidin-4-ylamino]-l.methyl-^^ 
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ortfeo-tolyl-3,4-dihydropyrimido[4,5-d]pyrimid^ lH)-one, 3-(2-chlorophen>d)- 
7- [ ( tran5-4-methoxycyclohexyl)methylamino] - 1 -methyl-3,4-dihydropyrimido [4,5- 
dIpyrimidin-2(lH)-one, and 3-(2-chlorophenyl)-7-(4-oxo-q^dohexylainmo)-l- 
methyl-3,4-dihydropyrinudo{4,5-d]pyriinidin-2(lH)-one and phannaceutically 
5 acceptable salts thereof. 

In another aspect, the present invention provides methods of preparing the 
compounds described above. 

10 In one method the compounds of formula I may be prepared by method 

comprising 

(a) treating a compound of formula II 

(U) 

wherein n, and have the meanings provided for the 
15 compounds of formula I above, with the proviso that any interfering reactive group 
present is optionally in protected form, and L is a leaving group, 
with an amine of formula III 

R*R*-NH (ffl) 
\^erein R' and R^ have the meaning provided for the compounds of 
20 formula I above, with the proviso that any interfering reactive group present is 

optionally in protected form, and where required, deprotecting any protected group 
present in the reaction product 

Where desired, the compound may be converted into a phannaceutically acceptable 
salt thereof. 



25 




In another method the compounds of formula I may be prepared by a 
method comprising 

(a) treating a compound of formula IV 
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X 



(IV) 



wherein X is halo, R is alkyl, and and R» have the meaning 
provided for the compounds of fomnila I mentioned above, in the presence 
of a base to aflford a compound of formula V 



treating a compound of formula V with an oxidizing agent followed by an 
of the formula R'R*NH (wherein and R' and R^ have the meaning provided 
compounds of formula I mentioned above) to afford a compound of 



wnere desired, the compound obtained may optionally be converted into a 
pharmaceutically acceptable salt Aereof 

The compounds of the present invention can be prepared by a variety of 
meAods, using procedures weD known to those of skifl in the art Regarding the 

above mentioned processes, the compounds ofthe present invention are prepared 
as outlined in more detail in Scheme I or as outlined in Scheme 4. 




(V) 
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Treatment of a compound of formula la (where R is an alkyl, aryl or aralkyl 
group) with a primary amine (R'-NHj) provides a compound of formula lb. This 
reaction is conveniently carried out in a sohrent which is inert under the reaction 
conditions, preferably an open-chain or cydic ether (such as tetrahydrofiiran), a 
halogenated aUphatic hydrocaibon, especially dichloromethane, an optionally 
halogenated aromatic hydrocarbon, a formamide, a lower alkanol, or water. 
Suitably, the reaction is carried out at about -20OC to about 120OC. 

Reduction of a compound of fonnula lb provides an alcohol of formula Ic 
This reduction is typically canied out using Uthium aluminium hydride in a 
manner well known to those of skill in the art (eg. in a solvent which is inert under 
the conditions of the reduction, preferably an open-chain or cydic ether, espedaUy 
tetrahydrofiiran, at about -TXP C to about 70OC preferably at about QOC to about 
room temperature). 

Oxidation of an alcohol of formula Ic in the next step provides a 
carboxaldehyde of formula Id. The oxidation is typically carried out with 
manganese dioxide, although numerous other methods can also be employed (se^ 
for example, ADVANCED Organic Chemistry, 4™ ED.. Mardi. John Wiley & Sons. 
New York (1992)). Depending on the oxidating agent employed, the reaction is 
carried out conveniently in a solvent which is inert under the specific oxidation 
conditions, preferably a halogenated aliphatic hydrocarbon, especially 
dichloromethane, or an optionaBy halogenated aromatic hydrocarbon. Suitably, 
the oxidation is carried out at about O^C to about eO^C. 

Reaction of a carboxaldehyde of formula Id with a substituted aniline (R^)„- 
QH5.nNH2 provides a con^und of formula le. This reaction may be carried out 
in the presence of an add, e.g. an aromatic sulfonic add, preferably 4-toluene- 
sulfonic add, with azeotropic removal of the water formed during the reaction. 
Conveniently, the reaction is carried out in a solvent v^ch is inert under the 
reaction conditions, preferably an aromatic hydrocarbon, espedaUy toluene or 
xylene, or an optionaUy halogenated aromatic hydrocarbon, and at a temperature of 



01/29042 



PCT/EPOO/10088 



24 



about 7(PC to about ISO^C especially at the reflux temperature of the solvent to 
assist in the noted azeotropic removal of water. 

Reduction of a compound of formula le to give a compound of formula If 
5 can be carried out using, for example, hyride reducing agents such as sodium 

borohydride, lithiimi aluminium hydride or sodium triacetoxyborohydride under 
conditions well known to those of skill in the art. Preferably, the compound of 
formula le is not purified> but rather the reaction mixture in \^ch it is prepared is 
concentrated and the concentrate obtained is taken up in a solvent which is inert 
10 under the conditions of the reduction, preferably an open-chain or cyclic ether, 

especially tetrahydrofuian or an optionally halogenated aromatic hydrocarbon or a 
lower alkanol, and then treated with an aforementioned reducing agents. The 

reduction is suitably carried out at about-lO^ C to about lOO^C, preferably at about 

15 

Cydization of a compound of formula If provides a bicydic nitrogen 
heterocyde of formula Ig. The cydization can be eflFerted by reaction of If with a 
carbonyiating agent such as phosgene or trichloromethyl chloroformate (or another 
phosgene equivalent), conveniently in the presence of a tertiary organic base, 

20 preferably a tri(lower alkyl)aniine, espedally triethylamine. More particularly, the 
cydization is carried out in a solvent which is inert under the conditions of the 
reaction, preferably an open-chain or cydic ether, especially tetrahydrofuran, an 
optionally halogenated aromatic hydrocarbon or a halogenated aliphatic 
hydrocaxbon. Conveniently, the reaction is carried out at about -20^C to about 

25 SO^C, preferably at about -20 to (PC. 

Oxidation of Ig with a peroxy add such as 3-chloroperbenzoic add or with 
Qxone^ (potassium monopersulphate triple salt) in an aqueous aprotic solvent such 
as tetrahydrofuran, provides a sulfone (Ih) (or» if desired, its corresponding 
30 sulfoxide by controlling the oxidation conditions) which can be converted to a 

variety of target compounds. Typically the oxidation of Ig is carried out in a solvent 
which is inert under the conditions of the oxidation, preferably a halogenated 
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aliphatic hydrocarbon, espedaBy chloroform or dichloromethane, and at about - 
20 C to about 50»C, prefiaably about O'C to about room temperature. 

FinaUy, treatment of Ih with an amine (R'R*-NH) provides the target 
compounds for formula I. The reaction can be carried out in the presence or 
absence of solvent. Solvents that may be used indude polar aprotic solvents 
induding ethers such as dimethoxyethane, dimethoxyethjd ether and tetrahydro- 
furan and dipolar aprotic solvents such as dimethyl formamide and N,N-dimethyl- 
pyrrolidinone. Conveniendy, the reaction is carried out at temperatures of from 
about to about 200»C, more preferably about room temperature to about 
150»C. 



Accordin^y, the present invention provides a method of preparing 
compounds of formula I, by treating a compound of general formula li vwith 
amine (R'R*-NH). 




I 



In compound li, the symbols R^ R^ R* and the subscript n have the meanings 
provided above with reference to formula I. The letter L represents a leaving group 
which can be a halogen, a lower alkanesulfonyl or allcanesulfinyl group (eg., 
methanesulfon^d, methanesulfinyi or trifluoromethanesulfonjd) or an aromatic 
sulfonyi or sulfin^d group (e.g., benzenesulfonyi, benzenesulfin^d or 4- 
toluenesulfonyl). Other suitable leaving groiq>s are known to those of skiD in tiie 
art and can be found in, for example, ADVANCED ORGANIC CHH^flSTOY, 4™ ED., 
Mardi, John Wiley & Sons, New York ( 1992). Suitable amines (R'-NH^) are those 
in vMch R' represents any of the R' groups noted for formula I. 
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In another embodiment, the biqrclic nitrogen heteroqrcle can be constructed 
first and can be introduced at a later stage of synthesis as shown in Scheme 2. 



Scheme 2 




Ri R3 



Compound Ila, the starting material in Scheme 2, can be prepared by the 
displacement reaction of conrnierdally available compounds of formula la to 
provide compounds of formula lb as previously described in Scheme 1. Briefly, 
10 treatment of the mercapto compound \vith a suitable amine provides a compound 
of formula lb (R^ = H). Conversion of lb (R^ = H) to Ila can follow the steps 
provided in Scheme 1. 
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Cydization of Ha provides a biqrdic nitrogen heteroqrde of formula lib. 
The qrdization can be ejffected by reaction of Ila with phosgene or trichloromethyl 
chloroformate (or phosgene equivalent), typically in the presence of a tertiary 
organic base, preferably a tri(lower alkyl)amine, especially triethylamine More 
particularly, the cydization is carried out in a solvent which is inert under the 
conditions of the reaction, preferably an open-chain or cyclic ether, espedally 
tetrahydrofuran, an optionally halogenated aromatic hydrocarbon or a halogenated 
aliphatic hydrocarbon. Conveniently, the reaction is carried out at about -20<^C to 
about SO^C, preferably at about O^C to about room temperature. 

Introduction of an group to provide a compound of formula lie can be 
accomplished under a variety of conditions. For example, lib can be treated with 
alkali metal hydride, especially sodium hydride, and subsequent reaction with a 
compound of the general formula R^-L, wherein R^ has any of the values accorded 
to R^ hereinbefore except hydrogen, arjd or heteroar^d and L represents a leaving 
group (e.g., halo, methanesulfonate, trifluoromethanesulfonate, and the like). The 
N-substitution is conveniently carried out in a solvent which is inert under the 
reaction conditions, preferably a formamide, especially N-meth)dpyrrolidinone or 
dimethylformamide, an open-chain or cyclic ether or an optionally halogenated 
aromatic hydrocarbon. Suitably, the reaction is carried out at about SO^C to about 
200^0, preferably at about SO^C to about 150OC. Altemativdy, the alkylation may 
be carried out with an inorganic base such as potassium carbonate in a formamide 
solvent such as N-meth^pyrroKdinone temperatures from about O^C to about 
250C 

An alternative, and preferable method for the introduction of R^ involves a 
alkyiation of the pyrimidinone nitrogen via the Mitsunobu reaction. In this 
method, an alcohol of the general formula R^-OH is combined with a compound of 
general formula lib in the presence o£ for example^ triphen^phosphine and diethyl 
azodicarboxjdate or diphenyipyridyi phosphine and tert-butylazodicarboxylate (See, 
Tetrahedron Lett., 40: 4497-4500 (1999). The alkyiation is conveniently carried out 
in a solvent which is inert under the reaction conditions, preferably an open-chain 
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or qrdic ether» at temperatures of about -IfPC to about lOO^C, preferably at about 
O^C to about 30^C (or room temperature). As mtb other aIk)dation methods, 
primary and secondary alcohols are the most suitable for reaction under these 
conditions. 

5 

Following the introduction of R^, the oxidation and displacement steps (to 
introduce R^R^N-) can be accomplished as outlined in Scheme 1 above to provide 
target compounds of formula I. 

10 In still other embodiments, the compounds can be prepared by reversing the 

order of alkjdation and displacement steps, thereby reversing the order of -R^ and 
-NR^R^ introduction, shown in Scheme 3. 
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Accordingly, a compound of fonniila Ila can be cydized to lib (as earlier 
shown in Scheme 2). Oxidation of lib to Ilia provides the template for the 
subsequent displacement and alkyiation steps. Thus, treatment of Ilia with R^-NHz 
under the conditions described above, provides Illb, which can be alkylated using 
R'-L (wherein L has the meaning noted above) or R^-OH using a Mitsimobu 
reaction as described earlier to provide the target compounds of formula I. 
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Scheme 4 




5 Scheme 4 provides an alternative method of preparing the compounds of 

Formula I. 

Compound la, the starting material in Schemes 1 and 4, is commercially 
available. The treatment of a compound of formula la with a suitable anunating 
10 agent or nudeophile as described in Scheme 1, provides a compound of formula lb. 
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Treatment of a compound of fonnula lb with a substituted or unsubstituted 
phenylisocyanate provides an amide compound of formula IVa. This reaction is 
caiiied out in an inert organic solyent, preferably an aromatic hydrocarbon such as 
toluene or xylenes, and at a temperature of about CC to about ISO'C. 

Reduction of a compound of formuU IVa provides an alcohol of formula IVb. 
This reduction is carried out using lithium aluminium hydride in a manner well 
known to those skiUed in the art (e.g.. in an inert organic solvent such as an open- 
chain or cyclic ether, especially tetrahydrofuran, at about -60»C to about 90»C 
preferably at about -lO^C to about room temperature. 



esa 
romo. 



Reaction of an alcohol of formula IVb with a halogenating agent provid 
compound of formula IVc wherein X is bromo. chloro, or iodo, preferably bi 
Although numerous halogenating methods can be employed (see, for example, 

ADVANCED ORGANICCHEMlsniY.4™ED.. March. John Wiley&Sons,NewYorlc 
(1992)), this reaction can be canied out using phosphorus tribromide or 
phosphorous pentachloride to obtain the corresponding bromo or chloro 
compound, respectively. Conveniently, the reaction is carried out in a sohrent 
which is inert under reaction conditions, preferably an open-chain or cydic ether. 

especiaUytetrahydrofuran.orahalogenatedahphatichydrocaibon.andatabout ' 
0°C to about 60»C. 

CycliTation of a compound of formula IVc provides a bicydic nitrogen 
heterocyde of formula IVd. The cydization can be eflfected in the presence of a 
base, preferably hexamethyidisilazane. Typically the cydization is carried out in the 
presence of a sohrent whidi is inert under the conditions of the reaction, preferably 
a dipolar organic solvent, sudi as l-methyi-2-pyTToKdinone. NJ^-dimethyl- 
formamide. orNJ^-dimethyl-acetamide. or dimethyl sulphoride. and at about 
10»C to about ZOO'C for about 1 to 50 hours. Preferably the reaction is heated for 
about 1 to 10 hours at about 60'C to about ISO'C. 
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Finally) treatment of Id with a oxidizing agent such as N-chloro-sucdnimide 
or chlorine and water, and an amine (R'R*-NH) provides the target compounds of 
formula I via a sulfoxide intermediate compound of formula A. The in situ 
oxidation/displacement reaction is carried out in the presence of solvent which is 
5 inert under conditions of the reaction, preferably dipolar aprotic solvents 1 -methyl- 
2-pyrrolidinone, N,N-dimethyl fonnamide or tetrahydrofuran. Conveniendy, the 
reaction is carried out at about O^^C to about 120**C, more preferably about room 
temperature. 

10 One of skill in the art will understand that certain modifications to the above 

schemes are contemplated and within the scope of the present invention. For 
example, certain steps will involve the protection and deprotection of reactive 
functional groups that are not compatible with particular reaction conditions. 

15 In another aspect the present invention relates to pharmaceutical 

compositions containing the compounds of formula L 

The compounds of formula I and the pharmaceutically acceptable salts of 
basic compounds of formula I with acids can be used as medicaments, e.g. in the 
20 form of pharmaceutical preparations. The pharmaceutical preparations can be 

administered enteraSy, e,g. orally in the form of tablets, coated tablets, drag^es, hard 
and soft gelatine capsules, solutions, emulsions or suspensions, nasally, e.f . in the 
form of nasal sprays, or rectally, eg. in the form of suppositories. However, they 
may also be administered parenterally, e.g. in the form of injection solutions. 

25 

The compounds of formula I and their aforementioned pharmaceutically 
acceptable salts can be processed with pharmaceutically inert, organic or inorganic 
carriers for the production of pharmaceutical preparations. Lactose, corn starch or 
derivatives thereof, talc, stearic acid or its salts and the like can be used, for example, 
30 as such carriers for tablets, coated tablets, dragees and hard gelatine capsules. 

Suitable carriers for soft gelatine capsules are, for example, vegetable oils, waxes, 
fats, semi-solid and liquid polyols and the like, depending on the nature of the 
active ingredient no carriers are, however, usually required in the case of soft 
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gdatine capsules. Suitable carriers for the production ofsolutions and syrups are, 
for example, water, polyols, sucrose, invert sugar, glucose and the like. Suitable 
carriers for suppositories are, for example, natural or hardened oils, waxes, fats, 
semi-liquid or liquid polyols and the like. 

The pharmaceutical preparations can also contain preservatives, solubilizers, 
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for 
varying the osmotic pressure, buffers, masking agents or antioxidants. They can 
also contain therapeutically valuable substances other than the compounds of 
formula I and their aforementioned pharmaceutically acceptable salts. 

Medicaments which contain a compound of formula I or a pharmaceutically 
acceptable salt of a basic compound of formula I with an acid in association with a 
compatible pharmaceutical carrier material are also an object of the present 
invention. Another aspect is a process for die production of such medicaments 
which comprises bringing one or more of these compounds or salts into a galenical 
administration form together with a compatible pharmaceutical carrier. If desired, 
the medicament may contain one or more other dierapeuticaUy valuable substances 
which may be added during the process of preparing said medicament. 

As mentioned earlier, the compounds of formula I and their aforementioned 
pharmaceuticafly acceptable salts can be used in accordance with the invention as 
therapeutically active substances, especially as antiinflammatory agents or for the 
prevention of graft rejection following transplant surgery. The dosage can vary 
within wide limits and will, of course, be fitted to the individual reqmrements in 
each particular case. In general, in the case of administration to adults a convenient 
daily dosage should be about 0.1 mg/kg to about 100 mg/kg, preferably about 
0.5 mg/kg to about 5 mg/kg. The daily dosage may be administered as a single dose 
or in divided doses and, in addition, the upper dosage limit referred to earlier may 
be exceeded when this is found to be indicated. 

Finally, the use of compounds of formula I and their aforementioned 
pharmaceuticaDy acceptable salts for the production of medicaments, especially m 
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the treatment or prophylaxis of inflammatory, inmiunological, oncological, 
bronchopulmonary, dermatological and cardiovascular disorders, in the treatment 
of asthma, central nervous system disorders or diabetic complications or for the 
prevention of graft rejection following transplant surgery, is also an object of the 
5 invention. 

Compoimds of Formula I would be useful for, but not limited to, the 
treatment of any disorder or disease state in a human, or other mammal, which is 
excaceibated or caused by excessive or unregulated TNF and/ or IL-lor p38 kinase 
10 production by such mammal Accordingly, the present invention provides a 

method of treating a cytokine-mediated disease which comprises administering an 
effective cytokine-interfering amount of a compound of Formula I, or a 
pharmaceutically acceptable salt or tautomer thereof. 

15 More specifically, the compounds of formula I may be used in the treatment 

of arthritis, Crohn's disease, irritable bowel syndrome, adult respiratory distress 
syndrome, dironic obstructive pulmonary disease, osteoporosis, or Alzheimer's 
disease. Compounds of Formula I would be useful for, but not limited to, the 
treatment of inflammation in a subject, and for use as antipyretics for the treatment 

20 of fever. Compounds of the invention would be useful to treat arthritis, including 
but not limited to, rheumatoid arthritis, spondyloarthropathies, gouty arthritis, 
osteoarthritis, systemic lupus erythematosus and juvenile arthritis, arthritis and 
other arthritic conditions. Such compounds would be useful for the treatment of 
pulmonary disorders or lung inflammation, including adult respiratory distress 

25 syndrome, pulmonary sarcoidosis, asthma, silicosis, and chronic pulmonary 

inflanmiatory disease. The compounds are also useful for the treatment of viral and 
bacterial infections, including sepsis, septic shock, gram negative sepsis, malaria, 
meningitis, cachexia secondary to infection or malignancy, cachexia secondary to 
acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related 

30 complex), pneumonia, and herpesvirus. The compounds are also useful for the 

treatment of bone resorption diseases, such as osteoporosis, endotoxic shock, toxic 
shock syndrome, reperfusion injury, autoimmune disease including graft vs. host 
reaction and allograft rejections, cardiovascular diseases including atherosclerosis. 
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thrombosis, congestive heart feilure, and cardiac reperfusion injury, renal 
reperfusion injury, Uver disease and nephritis, and myalgias due to infection. 

The compounds are also useful for the treatinent of influenza, multiple 
sclerosis, cancer, diabetes, systemic lupus erthrematosis (SLE), skin-related 
conditions such as psoriasis, eczema, bums, dermatitis, keloid formation, and scar 
tissue formation. Compounds of the invention also would be useful to treat 
gastrointestinal conditions such as inflammatory bowel disease, Crohn's disease, 
gastritis, initable bowd syndrome and ulcerative coKtis. The compounds would 
also be useful in the treatment of ophthalmic diseases, such as retinitis, 
retinopathies, uveitis, ocular photophobia, and of acute injury to the eye tissue. 
Compounds of the invention also would be usefal for treatinent of angiogcnesis, 
including neoplasia; metastasis; ophthahnological conditions such as corneal graft 
rejection, ocular neovascularization, retinal neovascularization including 
neovascukrization foBowing injury or infection, diabetic retinopathy, retrolental 
fibropksia and neovascular glaucoma; ulcerative diseases such as gastric ulcer, 
pathological, but non-malignant, conditions such as hemaginomas, including 
invantile hemaginomas, angiofibroma of the nasopharynx and avascular necrosis of 
bone; diabetic nephropatiiy and cardiomyopathy; and disorders of the female 
reproductive system such as endometriosis. The compounds of the invention may 
also be useful for preventing the production of cydooatygenase-2 and flie 
compounds of tius mvention are also expected to be useful in the prevention and 
treatment of cancer, in particular colon cancer. The compounds of this invention 
are also e3q>ected to be usefial in die prevention and treatment of Alzheimer's 



Besides being usefal for human treatment, these compounds are also useful 
for veterinary treatment of companion animals, exotic animals and fenn animals, 
induding mammals, rodents, and the like. More preferred animals indude horses, 
do^ and cats. 



'or 



The present compounds may also be used in co-therapies, partially < 
completdy, in place of otiier conventional antiinflammatories, sudi as tpgetiier witii 
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steroids, q^clooxygenase-2 inhibitors, NSAIDs, DMARDS, immunosuppressive 
agents, S-lipoxygenase inhibitors, LTB4 antagonists and LTA4 hydrolase inhibitors. 

As used herein, the term **TNF mediated disorder" refers to any and all 
5 disorders and disease states in which TNF plays a role, either by control of TNF 

itself, or by TNF causing another monokine to be released, such as but not limited 
to IL-1, IL-6 or EL-S. A disease state in which, for instance, IL-1 is a major 
component, and whose production or action, is exacerbated or secreted in response 
to TNF, would therefore be considered a disorder mediated by TNF. 

10 

As used herein, the term "p38 mediated disorder" refers to any and all 
disorders and disease states in which p38 plays a role, either by control of p38 itself, 
or by p38 causing another factor to be released, such as but not limited to lL-1, IL-6 
or IL-8. A disease state in which, for instance, IL-1 is a major component, and 
15 whose production or action, is exacerbated or secreted in response to p38, would 
therefore be considered a disorder mediated by p38. 

As TNF-P has dose structural homology with TNF-a (also known as 
cachectin), and since each induces similar biologic responses and binds to the same 
20 cellular receptor, the synthesis of both TNF-a and TNF-P are inhibited by the 

compounds of the present invention and thus are herein referred to collectively as 
'TNF** unless specifically delineated otherwise. 

EXAMPLES 

25 

The following examples are offered to illustrate, but not to limit the daimed 
invention. 

In the examples bdow, unless otherwise stated, temperatures are given in 
30 degrees Celsius (^C); operations were carried out at room or ambient temperature 
(t^ically a range of from about 18-25^Q evaporation of solvent was carried out 
using a rotary evaporator under reduced pressure (typically, 4.5-30 mmHg) with a 
bath temperature of up to 60^Q the course of reactions was typically followed by 
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TLC and reaction times are provided for illustration ordy; melting points are 
uncorrected; products exhibited satisfactory 'H-NMR and/or microanalytical data; 
yields are provided for illustration only; and the Mowing conventional 
abbreviations are also used: mp (melting point), L (Uter(s)), mL (niiimiters)> mmol 
(millimoles), g (grams), mg (miDigrams), min (minutes), and h (hours). 
DEAD stands for dieth)4 azodicarboxylate 
DIAD stands for diisopropyl azodicarboxylate 

DMPU stands for 1.3-dimetiiyl-3,4,5,6-tetrahydro-2(lH)-pyrimidinone 

Example 1 

Tins example illustrates tiie preparation of 3-(2,6-dichlorophenyl)-7- 
methanesulfonyl.l-methylO,4-dihydropyrimido[4,5-d]pyrimidm^ 
beginning with ethjd 4-chIoro-2-methylthiopyrimidine"5-carboxylate. 

Cl> 




A ^ 



Ll Preparation of ethyl 4'methylamino-2'ntethylthi0pyrimidine-'5' 
carboxylate 

CH3 

A solution of ethyl 4-chloro-2-methyithiopyriinidine-5-carboxjdate (20 g, 
86 mmol) (Aldrich Chemical Co., Mflwaukee. VyTisconan, USA) in 250 mL of 
dichloromethane was cooled to CC and treated slowly with a 33% solution of 
meth)damine in ethanol (35 mL, 281 mmol). After stirring for 30 minutes, 150 mL 
of water were added and the phases were separated. The organic phase was dried 
over magnesium sulfete and filtered. The filtrate was evaporated under reduced 
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pressure to give 19 g (97%) of ethyl 4-methylamino-2-methylthiopyrimidiiie-5- 
carboxylate as a white solid. 

J.2 Preparation of 4'methyhmino-2'medtylthiopyrimidine'5-methanol 




CH3 CH3 



Lithium aluminium hydride (9 g, 237 mmol) was stirred in 300 mL of dry 
tetrahydrofuran and treated dropwise with a solution of ethyl 4-methylamino-2- 
meth)dthio-pyrimidine-5-carboxylate (34 g, 143 mmol) in 300 mL of dry 
tetrahydrofuran and left to stand for 15 minutes. The mixture was cooled in ice and 

10 cautiously treated dropwise with 18 mL of water. Thirty six mL of 2M sodium 

hydroxide solution were added dropwise, followed by 48 mL of water. The resulting 
suspension was stirred for 17 hours at room temperature and then filtered. The 
filter residue was washed twice with 100 mL of ethyl acetate each time and the 
combined filtrate and washings were evaporated under reduced pressure: The 

15 residue was suspended in 200 mL of dichlorometfaane/hexane (2:1) and the solid 
was off and dried to give 23.5 g (86%) of 4-meth5damino-2-methylthiopyrimidine- 
5-methanol as a yellow solid. 

2.3 Preparation of4'methylaminO'2-methylthiopyrimidine-5- 
20 carhoxaldehyde 




4-Meth^amino-2-methylthiopyrimidine-5-methanol (20 g, 108 mmol) and 
1 L of dichloromethane were combined with stirring and treated with manganese 
dioxide (87 g, 1 mol). The resulting suspension was stirred for 24 hours and then 
25 filtered through a filter aid. The filter residuewaswashedwith 100 mL of 

dichloromethane and the combined filtrate and washings were evaporated under 
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reduced pressure to give 15.8 g (80%) of 4-methylamino-2-methyithiopyrimidme- 
5-carboxaldehyde as a white solid. 

L4 Preparation of5'(2,6'dichbrophenyl)aminometh}d-4-meAyIarrnno-2' 
methylthio'pyrimidine 



^^CHO 
CH3 

A mixture of 4-meth)daniino-2-methylthiopyriimdine-5-carboxaldehy 
(6 g, 32.8 mmol), 2,6-dichloroaiiiIine (5.5 g, 33.9 nunol) and 4-toluene-sulfonic 
add (1 g, 5.3 mmol) in 70 mL of toluene was heated under reflux with azeotropic 
removal of water for 17 hours. The mixture was concentrated to a volume of about 
10 mL under reduced pressure and then treated with 120 mL of ethanol. Hie 
suspension obtained was heated to 750C and treated over a period of 15 minutes 
with 6.2 g (160 mmol) of sodium borohydride pellets. The mixture was stirred for a 
further 15 minutes and cooled to room temperature. The solvent was evaporated 
under reduced pressure and the residue was stirred in a mixture of 200 mL of 2M 
sodium hydroxide solution and 200 mL of ethyl acetate for 1 hour. The phases were 
separated and the organic phase was dried over magnesium sulfate and filtered. 
Evaporation of the filtrate under reduced pressure and flash chromatography of the 
residue using 3:7 diethyl ether/hexane for the dution gave 5,2 g (48%) of 5-(2,6- 

dicUorophen)4)aminomethyi-4-methylamino-2-meth)dthio-pyrimidine as a white 
solid. 
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1.5 Preparation of 3-{2,6'dichhrophmyl)'7'methylt^^ 
dihydrO'pyrimido[4,5'd]pyrimidin-2(lH)'One 




1.1 



5 A stirred solution, cooled in ice, of 12 mL of phosgene (20% solution in 

toluene; 23 mmol) in 100 mL of tetrahydrofuran was treated dropwise with a 
solution of 5-(2,6-dicUorophenyl)aminonieth^-4-meth^amino-2-meth^thio- 
pyrimidine (5 g, 15.2 mmol) and trieth^amine (4 mL, 29 mmol) in 80 mL of 
tetrahydrofiiran. After stirring for 1 hour the mixture was treated with 100 mL of 

10 saturated aqueous amn^onium chloride solution and the phases were separated. 
The aqueous phase was extracted with 100 mL of tetrahydrofuran and &e 
combined organic solutions were dried over magnesium sulfate and filtered. The 
filtrate was concentrated under reduced pressure to give 4.8 g (89%) of 3-(2,6- 
dichlorophenyl)-7-methylthio-l-methyl-3,4-dihydropyriniido[4,5-d]pyrimidin- 

15 2(lH)'One (sulfide 1.1) as a white soHd. 



1.6 Preparation of3-(2,6-dichlorophenyl)*7'methanesulfonyl'l'methyl- 
3,4'dihydropyrimido[4^'d]pyrimidm'2(lH)-ane 




20 1.1 Sulfonel.2 

A solution of 3-(2,6-dichlorophenyl)-7-methylthio-l-meth^-3,4- 
dihydropyiimido[4,5-d]pyrimidin-2(lH)-one (1.1) (5 g, 14.1 nunol) in 200 mL of 
dichloromethane was cooled in ice and treated with 3-chloroperbenzoic acid (10 g, 
28.9 mmol). The mixture was stiired at room temperature for 17 hours, then 
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treatedwth2inLofdimethyIsuIfoxideandleftto Stand for lOminutes. Saturated 
aqueous sodium bicarbonate solution ( 100 mL) was then added and the phases 
were separated. The organic phase was dried over magnesium sulfete and filtered. 
Concentration ofthe filtrate underreducedpressuregive 5 g (92%) of3.(2,6- 

dichlorophenyl)-7-methanesulfonyi-l-meth)i-3.4-dihydropyrimido[4.5- 
d]pyrimidin-2(lH)-one (sulfone 1.2) as a white solid. 

Ardated compound. 3-(2-cWorophenyl)-7-methanesulfonyl-l-methyl-3 4- 
dihydropyTimidin-2(lH)-one (sulfone 1.3) was prepared using 2-chloroamlinei^ 
place of 2,6-dichloroaniline in step 1.4, above. 

CI 



OO CH, 

Sulfone 13 

Similarly, 7-methanesuIfonyi.3-ort*o.tol)4.1.methyI.3.4-dihydropyrimi^^ 
2(lH)-one (sulfone 1.4) was prepared using o-toluidine in place of 
2,6-dichloroaniline in stq> 1.4, above. 




Sulfone 1.4 



Example 2 
Compound 1-7 

This example fflustrates the preparation of 3-(2-chlorophenyl)-7-(2- 
hydroxy.lj.dimethylethylamino).l-methyi-3,4.dihyi^^ 
pyrimidin-2( lH)-one, in which the displacement reaction is carried out in the 
absence of solvent 
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Sulfone 13 (0.200 g, 0.57 nunol) was combined with 2-aniino-2-methyi- 
1-propanol (O.UmL, 1.2 mmol). The mixture was heated to 100-110 X for 1 hour 
at which time it was cooled to room temperature. The residue was purified by 
column chromatography on silica gd using 25:15 hescane/acetone. The column 
fractions containing product were combined and concentrated in vacuo to an oil 
which was redissolved in eth^ acetate. Addition of hydrochloric acid (l.OM/EtaO, 
1.0 equivalent) gave the salt which was filtered and dried to give 0,150 g of the 
hydrochloride salt of 3-(2-chlorophenyl)-7-(2-hydroxy-l,l-dimethyleth)damino)- 
l-meth)iO,4-dihydropyriraido-[4,5-d]pyriniidin-2(lH)«one. 

Replacement of 2-amino-2-methyM-propahol with the requisite amine 
R^R^NH gave additional compounds of fhe invention as listed on Tables 1-3. 

Example ? 
Compound 1-13 

This example illustrates the preparation of 3-(2*chlorophenyl)-7-((lS>2R)- 
2-hydroxy- 1 -hydroxynnethyl-prop^amino)- 1 -mefliyi-3,4-dihydropyrimido- 
[43-d]pyrimidin-2( lH)-one. 



Sulfone 1.3 (0.800 g, 2.27 mmol) was combined with 2-methoxyethyl ether 
(3 mL) and D-allotfareoninol ((2R, 3S)-2-amino-3-hydroxybutanol) (0.480 g. 




OH OH 
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4.56 mmol). The mixture was heated at 100 'C for one hour at which time the 
temperature was raised to 130»C since the reaction was not complete. After 30 
minutes, the reaction was complete and the mixture was cooled to room 
temperature. *n»e mixture was concentrated in wic«„ and the residue was purified 
by column chromatography on silica gd using 70&1 dichloromethane/ 
methanol/isopropylamine. The column fractions containing product were 
combined and concentrated to an oil which was redissolved in ethyl acetate. 

Addition ofhydrochloricacid(1.0M/Et2a 1.0 equivalent)gave the salt which was 
filtered and dried to give 0.448 g of the hydrochloride salt of 3-(2-chloro.phenyl).7- 

((lS,2R)-2-hydroxy-l-hydroxymethyipropyl-amino)-l-methyl-3,4. 
dihydropyrimido-l4,5-d]pyrimidin-2( lH)-one, 

Replacement of I>-anothreoninol with the requisite amine R'R*NH gave 
additional compounds of the invention as listed on Tables 1-3. 

Compoand 1-2 

This example illustrates the preparation of 3-(2-chIorophenyl)-7-(2- 

hydroxy-l.methylethylamino)-l.methyi-3,4-dihydropyrimidol4.5-d]pyrimidin- 
2(lH)-one. 



0 0 CH3 H ^ 

Sulfi3ne 1.3 (0.200 g, 037 mmol) was combined with DJL-2-amino-l- 
propanol (0.09 mL. 1.13 mmol) and heated at 100-110 "C for 30 minutes. The 
reaction was then cooled to room temperature and the mixture was purified by 
column chromatography on silica gd using 9:1 didiloromethane/methanol as 
duant The column fractions containing product were combined and concentrated 
myflc«o to an oil whidi was redissolvedin ethyl acetate. Addition of hydrochloric 
add (1.0M/Et20, 1.0 equivalent) gave the salt whidi was filtered and dried to give 
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0,142 g of the hydrochloride salt of 3-(2-chlorophenyl)-7-(2-hydroxy-l- 
methylethylamino)-l-methyl-3,4-dihydro-pyriinido[4,5-d]pyri^ 

Fvamplp S 

Compound 1-3 

This example illustrates the preparation of 3-(2-chlorophenyl)-7- 
(2-hydroxypropylamino)-l-meth}d-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)- 
one. 



Sulfone 1.3 (0^00 g, 0.57 mmol) was combined with l-amino-2-propanol 
(0.09 mL, 1.17 mmol) and heated at 100*110 °C for 30 minutes. The reaction waiT 
then cooled to room temperature and the mixture was purified by column 
chrooiatography on silica gel using 9:1 dichloromethane/methanol as eluant The 
column fractions containing product were combined and concentrated in vacuo to 
an oil which was redissolved in eth^ acetate. Addition of hydrochloric add 
(1.0M/£t2O> 1.0 equivalent) gave the salt which was filtered and dried to give 0.165 
g of the hydrochloride salt of 3-(2-chlorophenyl)-7-(2-hydroxypropyiamino)-l- 
methyl-3»4-dihydropyrimido- [4,5'd] pyrimidin-2( lH)-one. 

Example 6 
Compound 3-28 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(2,3- 
dihydroxy-l,l-dimethylpropyiamino)-l-meth^-3,4-dihydropyrimido[4^- 
d]pyrimidin-2( lH)-one. 
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O O 




OH 

Prq>aratimirf3-ammo-3-meAyBnttane-l^-diol 

To a solution of 3-inethyl-2-buten-l-ol (20mL,0^inol) mSOOmLofwater 
was added sodium bicarbonate (42.5 g, 0.5 mol). The solution was cooled to 5»C 
and 3-chIoroperben2oic add (54 g. 0.22 mol) was added in portions over a 1 hour 
period. The mixture was stirred at room temperature for 12 hours, then saturated 
with sodium chloride and extrarted with dichloromethane. The layers were 
separated, and the organic layer was dried over potassium carbonate, and 
concentrated in vacuo. The residue was purified by flash chromatography using 2:1 
hexane/ethyi acetate as duant to give 10.02 g of (33-dimethyioxiranyl)methanol as 
an oil. 



A solution of (33-dimethyio3dranyl)methanol (10 g, 98 mmol) in 
dichloromethane (735 mL) was combined withasolution of titanium isopropoxide 
(50mL. 169.4mmol) in dichloromethane (100 mL) and a solution of 
aminodiphenyl-methane (40.6 mL, 235 mmol) in dichloromethane (100 mL), and 
the reaction mixture was stirred at room temperature for 48 hours. A solution of 
10% sodium hydroxide in brine was added and the suspension stirred for an 
additional 12 hours, filtered and washed with 0.2M hydrocHoric add. The layers 
were separated, and the organic layer was dried over magnesium sulfete, filtered, 
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concentrated. The residue was purified by column chromatography using 4:1 
hexane/eth)d acetate as eiuant to give 5,1 g of 3-(benzhydiyl-amino)-3- 
methylbutane- 1,2-dioL 

5 3-(Benzhydrylaniino)-3-methylbutane-l,2-diol (5.1 g, 17.9 mmol) and 

palladium hydroxide (1.2 g) in methanol (25 mL) were shaken under hydrogen in a 
par apparatus at 49 psi for 18 hours. The suspension was filtered, and the filtrate 
was concentrated in vacuo. The residue was suspended in hexane, stirred for 2 
minutes, and the hexane layer was decanted. The residue was concentrated in vacuo 
10 to give 1.74 g of 3-amino-3-meth)4-l,2-butanedioL 

Preparation of3-(2'Chhrophenyiy7-(2,3'dihydroxy'l,l-dirnethylpropylamino)'l- 
rnethyl''3,4-dihydropyrirnido[4,5-d]pyrimidin'2(lH)-one. 

15 Sulfone 1.3 (700 mg» 1.7 mmol) was combined with 3-amino-3-methyH,2- 

butanediol (500 mg, 2.1 nmiol) and 2-methoxyethyl ether (2 mL). The mixture was 
heated to lOO^C for 6 hours at n^ch time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by column chromatography on 
silica gel using 99:1 dichloromethane/methanol as eiuant The column firactions 

20 containing product were combined and concentrated in vacuo to the tide 
compound as an ofl, which was re-dissolved in ethyl acetate. Addition of 
hydrochloric acid (L0M/Et20, 2.0 equivalents) gave the salt which was filtered and 
dried to give 256 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(2,3- 
dihydroxy- 1 , 1 -dimethylpropylamino)- 1 -methyl-3,4-dihydro-pyrimido[4,5-d] - 

25 pyrimidin-2(lH)-one. 

Example 7 
Compound 3-43 
This example illustrates the preparation of 3-(2-chlorophenyI)- 
30 7- [ ( l-hydroxymeth^cyclohexyl)amino] - 1 -methyi-3,4-dihydropyrimido- 
[4,5-d]pyrinMdin-2( lH)-one. 
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Sulfone 1.3 (SOOmg, 1.2mmoI) was combined with 1-amino-l- 
cydohexanemethanol (602mg, 4.6mmoI) (prepared as described in /, Med, Chem., 
1966, 9(6), 911-920) and l-methyI-2-pyrroUdinone (1 mL). The mixture was 
heated to 120"C for 3 hours at which time it was cooled to room temperature. The 
residue was purified by column chromatography on silica gd using 98:2 
dichloromethane/ methanol as duant The colimm fractions containing product 
were combined and concentrated in vacuo to a solid which was triturated with 
water, filtered, dried and suspended in ethyl acetate. Addition of hydrochloric add 
(1.0M/Et20, 2.0 equivalents) gave the salt which was filtered and dried to give 
328mg of the hydrochloride salt of 3-(2-chlorophenyI)-7-[(l-hydroxymethyl- 
cydohexyl)aminol-l-methyi-3,4-dihydropyriniido[4,5-d]pyrimidm^ 

Examples 
Compound 3-45 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(l,4- 

dioxaspiro[43]dec-8-ylamino)-l-meth^-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH).one. 
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Preparation of lA''dioxaspiro{4.5]dec-8-ylamine 



To a mixture of l,4-dioxaspiro[4.5]decan-8-one (50.3 g> 322.1 mmol) and 
hydrox]4amine hydrochloride (89.5 g> 100.3 mmol) in water (450 mL) was added 
portionwise soditmi carbonate (102.4 g, 966.2 mmol). The reaction mixture was 
stined for 40 minutes at room temperature then extracted with ethyl acetate. The 
organic layer was washed with brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo to give 68.2 g of crude l,4-dioxaspiro[4.5]decan-8-one 
oxime. 

To a solution of l,4-dioxaspiro[4.5]decan-8-one oxime (68 g, 400 mmol) in 
ethanol (200 mL) was added Raney Nickel as a suspension in etfaanol (52 mL). The 
resulting mixture was shaken at 50 psi of hydrogen for 18 hours. The reaction was 
filtered and concentrated in vacuo to give 57.5g of l,4-dioxaspiro[4.5] dec-8- 
^amine. 

Preparation of3'(2'Chlorophenyl)'7'( l,4'dioxaspiro[4.5]dec-8'ylamino)'I'methyU 
3,4'dihydropyrimido[4f5-d]pyrimidin-2(lH)'One 

Sulfone 1.3 (3.6 g, 10 mmol) was combined with l,4-dioxaspiro[4.5]dec-8- 
ylamine (6.4 g> 41 mmol) in 20 mL of l-methyl'2-pyrrolidinone and heated at 
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lOO'C for 5 hours. The reaction mixture was then cooled to room temperature and 
was diluted with eAjd acetate and water. The layers were separated, and the organic 
layer was washed with water and biine, dried with sodium sulfete, concentrated in 
vacuo, and purified by column chromatography on silica gd usii^ 0.5% ammonium 
hydroxide in ethyl acetate as duanL The column fractions containing the product 
were combined and concentrated under reduced pressure to give 1.3 g of 
3-(2-chlorophenyl)-7-(l,4-dioxaspiro[4.5)dec-8-ylamino)-l-methyl-3.4- 
dihydropyrimido(4,5-d]pyrimidin-2(lH)-one as an oflf-whitesoUd. 

Example 9 

Compound 3-47 

This example illustrates Uie preparation of 3-(2-chlorophen}d)- 

7-(3-hydroxymedi)d-3-meth^d-U-dioxaq)iro(53]undec-9-ylamino)-l-methyi-3,4- 
dihydropyrimido[43-dlpyrimidin-2( lH)-one. 



Suifone 1.3 



c.^ 














y 



A mixture of the 3-(2-chlorophen)d)-7-(l,4-dioxaspiro[4.5]dec-8-yiainino)- 
l-methyl-3,4-dmydropyriimdo[4,5-d]pyrim (0.30 g, 0.70 mmol) 

(prepared as described in Example 8), p-toluenesulphonic add monohydrate (0.17 
g, 0.91 mmol), and l,l,l-tris(hydroxymethyl)ethane (0.84 g, 7.0 mmol) in 40 mL 
toluene was heated to reflux and allowed to stir at reflux overnight The reaction 
mixture was cooled to room temperature, then diluted with ethyl acetate and 
saturated aqueous sodium bicarbonate. The layers were separated, and the aqueous 
layer was extracted with ethyl acetate. The organic layer was washed with brine, 
dried, concentrated under reduced pressure, and purified by flash chromatography 
on silica gd using 50-60% acetone in hexane as eluant. The column fractions 
containing product were combined and concentrated to give 0.32 g of the title 
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compound as a white foam. Addition of IM hydrochloric add in diethyl ether gave 
the salt, which was filtered to give 160 mg of the hydrochloride salt of 3-(2- 
chlorophenyi)-7-(3-hydroxymethyl-3-methyl-l,5-dioxaspiro[5.5]undec-9- 
ylamino)- l-methyi-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. 

Byample 10 
Compound 3-46 

This example illustrates the preparation of 3-(2-cblorophenyl)-7-(4-oxo- 
cydohexylamino}-l*meth)4-3»4-dihydropyrinudo[4,5-d]pyriniidin-2(lH)-one. 



Sutfone 1.3 




A solution of 3-(2-chlorophen)4)-7-(l,4-dioxaspiro[4.5]dec-8-ylamino)-l- 
methyl-3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one (6.0 g, 14 nmiol) 
(prepared as described in Example 8) in 60 mL of 80% acetic add was heated to 65 
«C overnight The reaction was then cooled to room temperature and diluted with 
water, ethyl acetate, and brine. The layers were sq>arated, and the aqueous layer 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium bicarbonate and brine, dried, and concentrated under reduced pressure. 
The residue was taken up in chloroform and purified by flash chromatography on 
silica gel using 4% methanol/dichloromethane as duant to give 2.2 g of the title 
compound as a white foam. A portion of the title compound (0.30 g, 0.78 mmol) 
was dissolved in ethyl acetate, then treated with IM hydrochloric add in diethyl 
ether to give 150 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(4-oxo- 
cydohexylamino)-l-meth)d-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one as a 
white predpitate, which was filtered, washed with ethyl acetate, and concentrated 
under reduced pressure. 
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Compound 3-50 
This example fflustrates the preparation of 3-(2-chloropheii)d). 

7-(4-hydrox)Tminocydohe>qr]ammo)-l-meth)d.3,4-dihydropyrimid^ 
pyrimidin-2(lH)-one. 



Sulfone1.3 ^ '^^mAA.A 



CH, 




A mixture of 3-(2-chIorophenyl)-7-(4-oxo-cyclohexyIamino-l-metbyi- 
3.4-dihydropyrimido[4,5-d]pyrimidin-2-one (0.31 g. 0.80 mmol) (prepared as 
described in Example 10) and hydroxylamine hydrochloride (0.22 g, 3.2 mmol) in 5 
mL pyridine was heated at 65 -C for 90 minutes. The reaction mixture was then 
cooled to room temperature, diluted with water and ethyl acetate, and the phases 
were separated. The organic phase was filtered, dried under reduced pressure, and 
suspended in methanol. Addition of IM hydrochloric add in diethyl ether gave the 
hydrodiloride salt of 3-(2-dilorophenyl)-7-(4.hydioxyimino-cydohexyiamino)-l. 
methyl-3,4-dihydrcpyrimido[4,5-d]pyrimidin-2(lH)-one as a yeUow foam whidi 
was concentrated under reduced pressure. 

l;.Tainplp ^^) 

Compound 3-54 

This example illustrates the preparation of 8-[6-(2-dilorophenyl)-8-methyI- 

7-oxo-5,6,73-tetrahydropyrimido[4,5-d]pyrimidin-2.yiamino]-l,3-diazaspiro- 
[4.5]decane-2,4-dione. 
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CI 



X) 



CI- 



X) 



Sulfone 1.3 




A mixture of 3-(2-cMorophenyl)-7-(4-oxo-qrdohexyiamino)-l-ihethyl- 
3,4-dihydropyriinido[43-d]pyrimidin-2(lH)-one (0.33 g, 0.86 mmol) (prepared as 
described in Example 10), potassimn q^de (0.084 g» 1.3 mmol), and ammonium 
carbonate (0.25 g, 2.6 nmiol) in 25 mL of 1:1 water/ethanol was stirred at 65^C 
overnight The reaction mixture was diluted with 40 mL of water and allowed to 
boil for 15 minutes, then cooled to room temperature and poured into 100 mL of 
ice-cold water. This mixture was filtered and the residue was made into a slurry in 
methanol. Addition of IM hydrochloric add in diethyl ether gave the salt which 
was concentrated under a stream of nitrogen to give 39 mg of the hydrochloride salt 
) of 8- [6-(2-chlorophen^)-8-methyl-7-oxo-5,6,7,8-tetrahydropyrimido- 

[4,5-d]pyrimidin-2-)damino]-13-diazaspiro[4.5]decane-2,4-dione as a yellow 
powder. 

Bxample 
G)mpound 3-42 

This example illustrates the preparation of 7-(tra«5-4-allyloxycydohexyl- 
amino)-3-(2-chlorophenyl)- l-methyl-3,4-dihydropyrimido [4,5-d]pyrimidin- 
2(lH)-one. 



CI- 



X) 




CI 



Sulfone 1.3 




H. 



OH 
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Sulfone 13 (2.6 g, 7.48 mmol) was combined with miiis-4-aiiiino- 
cydohexanol (1.63 g, 14.2 mmol) in 10 mL l-methyl-2-pyrrolidinone and stirred at 
120 'C for 4 hours, then poured into water, extracted with ethyl acetate, dried over 
magnesium sulfate, and evaporated in vacuo. The residue was purified by flash 
chromatography on silica gel using 2-4% methanol/dichloromethane as duant to 
give a yeUow l-meth)d-2-pyrroUdinone-based oil. This ofl was redissohred in ethyl 
acetote, washed with water, dried over magnesium sulfate, and evaporated in vacuo 
to yield 3-{2-chlorophenyl)-7-(ftrans-4-hydroxycyclohexyianiino)-l-methyl-3,4- 
dihydro-pyximido[4,5-d]pyrimidin-2(lH)-one as an off-white foam (2.80 g, 7.21 
mmol). 



A portion of the 7-(fr<im-4-hydro3cycydohexylamino).3-(2-chlorophen)4)- 
l-methyl-3,4-dihydropyrimido(4,5-d]pyiimidin-2(lH)-one (0^74 g, 0.706 mmol) 
was taken up with potassium tot-butoxide (0.119 g, 1.06 mmol) in 5 mL 
tetrahydrofuran. Allyl bromide (0.061 mL, 0.706 mmol) was added to this solution, 
which was heated at SOX overnight, then cooled to room temperature and purified 
by flash chromatography on silica gd using 10-25% acetone/hexanes as duant. The 
column fiactions containing product were combined and concentrated in vacuo. 
The concentrate was taken up in methanol, treated witii hydrochloric add 
(1.0M/Et20, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, 
filtered, and dried to give 0.102 g of the hydrochloride salt of 7-(frflw-4-allyIoxy- 

cydohejcjdamino)-3-(2-chlorophenyl)-l-melhyl-3,4-dihydropyiimidol4,5-d]- 
pyzimidin-2( lH)-one. 



Compounds 3-38 and 3-39 
This example illustrates the preparation of 3-(2-chlorophenyl)-7-(fran5-4- 
methoxycydohexylamino)- l-methyI-3,4-dihydropyrimido(4,5-d]pyrimidin-2( IH)- 
one and 3-(2-chlorophenyl)-7-[(frans-4-methoxycydohexyl)meth)iamino]-l- 
methyl-3,4-dihydropyrimido(4,5-d]pyrimidin-2(lH)-one. 
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Sulfone1.3 




3-(2-CWorophenyl)-7-(trfln5-4-hydroxyqrdohexylamino)-l-methyl'3,4- 
dihydropyrimido[4,5-d]pyriinidin-2(lH)-one (0.300 g, 0.773 mmol) (prepared as 
described in Eacample 13) was combined with potassium tert-butoxide (0.174 g, 
1.55 mmol) in 5 mL tetrahydrofuran. Method iodide (0.053 mL> 0.851 mmol) was 
added to this solution, which was stirred at room temperature for 3 days. Additional 
meth)d iodide (0.053 mL, 0.851 mmol) and potassium tert-butoxide (0.174 g, 1.55 
mmol) were added, followed after 4 hours by further potassium tert-butoxide 
(0.350 g, 3.12 mmol). The reaction was stirred at 60°C overnight, then cooled to 
room temperature and purified by flash chromatography on silica gd using 25-35% 
acetone/hexanes as duant to yidd a mixture two products. The separate column 
fractions were each separated and concentrated in vacuo. The separate concentrates 
were each taken up in methanol, treated with hydrochloric add (l.OM/EtiO, 
1.0 equivalent), re-evaporated to dryness, washed with ethjd ether, filtered, and 
dried to give 0.049 g of 3-(2-chlorophen)d)-7-(tr£ins-4-methoxycydohexylamino)- 
l-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one and 0.217 g of 3-(2- 
chlorophenyl)-7-[(<raiis-4-methoxycydohexyl)methylamino]-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one. 

fjcample 1? 
Compound 3-40 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[tran5-4- 
(2-methoxyethoxy)cydohexylamino]-l-methyi-3,4-dihydropyrimido[4,5- 
d]pyrimidin-2( lH)-one. 
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Sulfone 1.3 




OH Ov^o^ 



3-(2-CUorophen)d)-7-(trflns-4-hydrox)rcydohexyiamino)-l-meth^ 
dihydro-p)rrimido[4,5-d]pyrim (0.300 g, 0.773 mmol) (prepared as 

described in Example 13) was combined with potassium rm-butoxide (0.174g, 
1.55 mmol) in 2 mL tetrahydrofuran. 2-Bromoethyl methyl ether (0.15 mL, L55 
mmol) was added to this solution, which was heated at room temperature for 3 
days. Additional potassium tert-butoxide was added (0.174 g, 1.55 mmol) and the 
temperature was gradually raised to SO^'C. The reaction residue was redissolved in 2 
mL N,N-dimethyl-formamide, additional potassixun rm-butoxide (0.348 g, 3.10 
mmol) was added, and the reaction mixture was stirred overnight at 80°C. Sodium 
hydride (60% in oil; 0.031 g, 0.773 mmol) was added, and the reaction stirred for 
one day at lOO^'C and the following day at UO^'C and then cooled to room 
temperature. The reaction was poured mto water, extracted with ethyl acetate, 
dried over magnesium sulfete, and evaporated in vacuo. The residue was purified 
by flash chromatography on silica gd using 25-50% acetone/hexanes as duant The 
column fi:actions containing product were combined and concentrated in vacuo^ 
and the concentrate was taken up in methanol, treated with hydrochloric add 
(1.0M/Et20, 1.0 equivalent), re-evaporated to dryness, washed with ethyl ether, 
filtered, and dried to give 0.040 g of the hydrochloride salt of 3-(2-chlorophenyl)-7- 

[trflns-4-(2-methoxyethoxy)cydohexyiamino]-l-methyl-3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2( lH)-one. 
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Example 16 
Compound 3-41 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(rrans-4- 
methylcarbonyloxy)cydohexylamino]-l-methy^3>4-dihydropyrimidol4,5- 
d]pyriinidin-2( lH)-one. 



Sulfone 1.3 




3-(2-Chlorophenyl)-7-(mi725-4-hydroxycydohexylamino)-l-methyl-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one (0.200 g> 0.516 mmol) (prepared as 
described in Example 13) was taken up in 2 mL dichloromethane, and combined 
with acetyl chloride (0.074 mL, 1.03 mmol). The reaction was stirred at room 
temperature overnight, then purified by flash chromatography on silica gd using 1- 
5% methanol/dichloromethane as duant The column fractions containing product 
were combined and concentrated in vacuo. The concentrate was taken up in 
methanol, treated with hydrochloric add (1.0M/Et20, 1.0 equivalent), and re- 
evaporated to dryness, washed with ethyl ether, filtered, and dried to give 0.200 g of 
the hydrochloride salt of 3-(2-chlorophenyl)-7- [(tran5-4-mcth)dcarbonyloxy)- 
qrdohexylamino]-l-methyl-3,4-dihydropyrimido-[4,5-d]pyrimidin-2(lH)-one. 

G>mpound 3-44 

This example illustrates the preparation of 3^(2-chlorophenyl)-7-[trafis-4- 
(2,3-dihydroxypropoxy)cydohexyiamino]-l-meth)i-3,4-dihydropyrimido[4,5- 
d]pyrimidin-2( lH)-one. 
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. OH 

The free base of 7-(h^flns-4-allyloxycydohexylainmo)-3-(2-chlorophenyl)-l- 
methyl-3.4-dihydropyrimido[4,5-d]pyriinidin-2( lH)-one (0.40 g, 0.935 mmol) 
(prepared as described above in Example 13) was taken up in 4.9 mL rerf-butanol, 
to which an aqueous solution of AD-mix p (Adrich Chemicals) was added (2.91 g in 
4.9 mL) before heating to 100°C for 2 days, and then SO'C for 3 days. The reaction 

mixture was poured into saturated brine, extracted with ethyl acetate, dried with 
nnagnesium sul&te, and evaporated in vacuo. The crude residue was purified by 
flash chromatography on silicagd using 3-5% methanol/dichloromethane as 
duant The column fractions containing product were combined and concentrated 
in vacuo. The concentrate was taken up in methanol, treated with hydrodiloric add 
(l-OM/EtzO, 1.0 equivalent), and re-evaporated to dryness, then washed with e&yl 
ether, filtered, and dried to give 0.019 g of the hydrochloride salt of 3-(2-diloro. 
phenyl)-7-[tra«s-4-(23-dihydroxypropoxy)cydohexjdamino]-l-mefliyi-3,4- 
dihydropyrimido(4,5-d]pyrimidin-2(lH)-one. 

Example 18 
Compound 3-59 

This example illustrates die preparation of 7-(trans-4-aminocydohexjd- 

amino)-3-(2-chlorophenyl)-l.mcthyi-3,4-dihydropyrimidol4.5-d]pyiiniidin- 
2(lH)-one. 
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CH3 



Sulfone 1.3 (605 mg, 1.71 mmol) was combined with trans-lA- 
diaminoqrclohexane (1.61 g, 14.1 mmol) and 5 mL of l-methyl-2-pyrrolidinone. 
5 The reaction mixture was stirred at 85 °C for 4 hours. After cooling, the reaction 

mixture was diluted with 50 mL of ethyl acetate. The organic layer was sequentially 
washed with water and brine, dried, and concentrated in vacuo to give 654 mg 
(99%) of the free base of the product as a pale yellow foam. The free base was taken 
up in ethyl acetate and treated with a IM solution of HCl/EtaO to form the 
10 dihydrochloride salt of 7-(tram-4-aminocydohex^*aniino)-3-(2-chlorophen;^)-l- 
methyl-3,4-dihydropyrimido-[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Ryanip1e19 
Compotmd 3-57 

15 This example illustrates the preparation of 7-(irflns-4-methylsulfonyl- 

amidocydohexylaiiiino)-3-(2-cUorophen)d)-l-methyl-3,4-dihydropyrimido- 
[4,5-d] -pyrimidin-2( lH)-one. 

CI 



Sulfone 1.3 



O O 

To a solution of 7-(tram-4-ammo<7dohexylaxnino)-3-(2-chlorophenyl)-l- 
20 meth}d-3,4-dihydropyriinido[4,5-d]pyrimidin-2( lH)-one (88 mg, 0.227 mmol) 
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(prepared as described above in Example 18) in 8 mL of dichloromethane were 
added triethylamine (0.40 mL, 0.29 mmol) and methanesulfonic anhydride (60 mg, 
0.34 mmol). The reaction mixture was stirred at ambient temperature for 3 hours. 
The reaction mixture was concentrated in vacuo and purification by 
chromatography using 5% methanol/ dichloromethane as eluant gave 86 mg (81%) 
of the free base of the product as a white powder. The free base was taken up in 
ethyl acetate and treated with a IM solution of HO/EtjO to form the hydrochloride 
sdtof7-((ram-4-methylsulfon^amidocydohe3cyi-aniino)-3-(2-cMoroph^ 
methyl-3,4-dihydiopyiimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 





Compound 3-58 

This example illustrates the preparation of 7"[tra7is-4-(NJV-dimeth)d. 
sulfemoyiamido)cydohexylamino]-3-(2-chlorophenyl)-l-methyl-3,4- 
dihydropyrimido- [4,5-d] -pyrimidin-2( lH)-one. 

CI 

Sulfone 1^ ^ L JL L ^ JL X 

o o 

To a solution of 7-(tram-4-aminocyclohexylamino)-3-(2-chlorophenyl)-l- 
methyl-3,4-dihydropyrimido[43-d]pyrimidin-2(lH)-one (171 mg, 0.442 mmol) 
(prepared as described above in Example 18) in 15 mL of dichloromethane were 
added trieth)damine (0,11 mL, 0.79 nmiol) and a solution of dimethylsulfemoji 
chloride (0.31 g, 0.21 nunol) in 5 mL of dichloromethane. The reaction mixture 
was stirred at ambient temperature for 19 hours and concentrated in vacuo. 
Purification by chromatography using 5% methanol/ dichloromethane as eluant 
gave 143 mg (65%) of the free base of the product as a white powder. The free base 
was taken up in ethyl acetate and treated with Hd/EtjO to form the hydrochloride 
salt of 7- [trans-4-(JSr,N-dimeth)4-sulfemoylamido)cyclohexyiamino]- 
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3- (2-chlorophenyl)- 1 -methyl-3,4-dihydrop7rimido- [4,5-d]pyriimdin-2( lH)-one as 
a white powder. 

Example 21 
Compound 3-9 

This example illustrates the preparation of 7-(trans-4-hydroxyq^dohexyl- 
amino)-l-methyl-3-ortfco-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 




Sulfone 1.4 (300 mg, 0.903 mmol) was combined with trans-4-amino- 
cydohexanol (312 mg, 2.71 mmol), stirred at 120'*C and monitored by TLC (5% 
methanol/ dichloromethane). When complete, the reaction mixture was 
concentrated under vacuum and purified by chromatography with 5-10% 
methanol/dichloromethane to provide the title compound (263 mg, 0.716 mmol, 
79% yield) which was taken up in ethyl acetate and treated with 1 equivalent 
HCUEXiO to precipitate the HQ salt of 7-(«nins-4-hydroxy-cyclohexylamino)-l- 
methyi-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

Example 22 
Compound 3-23 

This example illustrates the preparation of 7-{(RJl>23-dihydroxy-l- 
methylpropylamino)-3-orr/io-tolyl-l-meth^-3,4-dihydrop7Timido[4,5-d] 
pyrimidin-2( lH)-one. 
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X) X) 



. OH 

S 



OH 

Sulfone 1.4 (455 mg, 1.37 mmol) and ri?,JJ>3-amino-U-butanediol (180 mg, 
1.71 mmol) in 1,2-dimethoxyethane (1 mL) was heated to 100»C for 2 hours under 
argon. The reaction was cooled to room temperature and diluted with 9:1 
dichloromethane/methanol and purified by chromatography on silica gel using 96:4 
dichloromethane/methanol and 9:1 dichloromethane/methanol as duants to give 
175 mg of the title compound as a colorless oil, which was dissolved in ethyl acetate 
and treated with 1 equivalent of hydrochloiic add (l.OM in ether). The precipitate 
was collected by vacuum filtration, washed with ethyl acetate and dried in vacuo to 
give 190 mgof 7-(flU?>23-dihydroxy-l-methyiprop5damino]-3-ortfc^^^^ 
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white solid. 

Example 23 
Compound 3-33 

This example illustrates the preparation of 7-(2,3-dihydroxy-l,l-dimethyI- 

propyIamino]-3-ortAa-tolyl-l-methyI-3,4-dihydropyrimido[4,5-d]pyriTO 
2(lH)-one. 

OH 

Sulfone 1.4 (400 mg, 1.2 mmol) was combined with 3-ainino-3-methyl-l,2- 
butanediol (305 mg, 2.1 mmol) and l-meth)d-2-pyrrolidinone (1 mL). The 
reaction mixture was heated to 100**C for 4 hours at which time it was cooled to 
room temperature and concentrated in vacuo. The residue vtzs purified by column 
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chromatography on silica gd using 99:1 dichloromethane/methanol as duant. The 
column fractions containing product were combined and concentrated in vacuo to 
give the title compound as an oil, which was re-dissolved in ethyl acetate. Addition 
of hydrochloric add (l.OM/EtaO, 2.0 equivalents) gave the salt which was filtered 
and dried to give 71mg of of the hydrochloride salt of 7-(2,3-dihydroxy-l,l- 
dimethylpropylamino]-3-oitfia-tolyH-methyl-3,4-dihydropyrimido-[4,5- 
d]pyrimidin-2(lH)-one. 

Compound 2-9 

This example illustrates the preparation of 7-(l-beii2ylpiperidin-4- 
ylaniino)-l-methyi-3-ortAo-tolyl-3,4-dihydropyrimido[4^-d]pyrimidin-^ 
one. 




Sulfone 1.4 (1 g, 3 mmol) was combined with 4-amino-l*benzylpiperidine 
(687 mg, 3.6 nmiol) and 2-methoxyethyI ether (1 mL). The mixture was heated to 
12(rC for 4 hours at which time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by colunm chromatography on 
silica gd using 97:3 dichloromethane/ methanol as duant. The column firactions 
containing product were combined and concentrated in vacuo to an oU that was re- 
dissolved in ethyl acetate. Addition of hydrochloric acid (1.0M/Et20, 2.0 
equivalents) gave the salt which was filtered and dried to give 198 mg of the 
hydrochloride salt of 7-(l-benzylpiperidin-4-ylamino)-l-methyl-3-orr/io-tolyl-3,4- 
dihydropyrimido(4,5-djpyrimidin-2(lH)-one. 
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Example 25 
Compound 2-8 

This example illustrates the preparation of 7-(piperidin-4-)damino)-l- 
methyl-3-ortfco-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidm^ 



Sulfone 1.4 




In a three-necked flask under nitrogen was charged with 10% palladium on 

carbon (3.0 g), and 7-(l-ben2ydpiperidin-4-yiamino)-l-methyl-3-ortfco-tolyl-3,4. 

dihydropyrimido[4,5-d)pyrimidin-2(lH)-one (3.0 g. 6.78 mmol) (prepared as 

described in Example 24) in 60 mL of methanol was added under nitrogen through 

a syringe. Ammonium formate (2.1 g, 34 mmol) was then added in one batch. The 

mixture was heated to reflux for 30 minutes until the reaction was completed The 

catalyst was filtered off through Cdite and washed with methanol. The filtrate was 

concentrated under reduced pressure to givel.937 g (81%) of 7-(piperidin-4- 

)4amino)-l-meth)d-3-orAo-tol)d-3,4-dihydropyrimido[4,5-d].pyrimidm^ 
one as a white solid. 

Example 26 
Compound 2-14 

This example illustrates the preparation of (i?)-7- [ l-(2,3-dihydroxypropyl). 

piperidin-4-ylamino]-l-methyi-3-<)rtAo-tolyl-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 
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Sulfone 1.4 




6h 

A mixture of 7-(piperidin-4-ylamino)-l-methyl-3-oit/io-tolyi-3,4-dihydro- 
P7riniido[43*d]pyrijnidin-2(lH)-one (0^ g, 0.568 mmol) (prq)ared as described 
in Example 25), piperidine L-isoprop)didenegIycerol-Y-tos)date (0.264 g, 0.92 
5 imnol), and potassiimi carbonate (0. 12 g, 1.1 mmol) in 5mL of NJ^-dimeth]d- 
formamide was heated at lOO^C for 17 hours. The reaction nndxture was diluted 
with 75 mL of water and extracted with 1:1 toluene/ethyl acetate, and the layers 
separated. The oi^anic layer was washed with water and brine, dried, filtered, 
concentrated under reduced pressure, and purified by column chromatography on 

10 silica gel using 95:5:0.2 eth)d acetate/methanol/isopropyl amine as duant The 

column fractions conUining the product (0.157 g, 0.34 mmol) was then dissolved in 
10 mL of isopropanol, ImL of water and 0.2 mL of concentrated hydrochloric add, 
and was refluxed for 1 hour until hydrolysis was completed. The mixture was 
concentrated under reduced pressure, and the residue was taken up in methanol 

15 and was again concentrated. The residue was purified by chromatography on silica 
gd using 18'.2:0.5 dichloromethane/methanol/isoprop^ amine as duant to give 
90 mg of the product, which was dissolved in 1.5 mL of ethyl acetate and 1.5 mL of 
methanol. Addition of IM hydrochloric acid in ether gave 113 mg (72.5%) of the 
hydrochloride salt of (-R)-7-[l-(2,3-dihydroxyprop)d)piperidin-4-ylamino]-l- 

20 methyi-3-ortfco-tolyl-3,4-dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 
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Example 27 
p>mpound 2-13 

This example illustrates the preparation of 7.(l-(2-hydroxyethyl).piperidin- 

4-yianiino]-l-methylO-ort*o-tolyl-3,4-dihydropyriimdo[4.5-d]p)TOni 
one. 



Sulfone 1.4 




A mixture of 7-(piperidin-4-yianjino)-l.methyl-3-wtAa-tolyl-3.4-dihydro. 
pyrimido[43-d]pytimidin-2(lH>one (0.1 g, 0J584 mmol) (prepared as described 
in Ejomple 25). 2-bromoethanol (0.024 mL, 0.34 mmol), and triethjdamine 
(0.047 mL, 034 mmol) in 10 ml of toluene and 1.5 mL of DMPU was heated at 
lOO'C for 17 hours. The solvent was evaporated under reduced pressure and the 
residue Was purified by chromatography on siHca gd using 40: 10:2 ethyl acetate/ 
methanol/ isopropylamine as duant to give 70 mg (52%) of 7-[l-(2-hydroxyetiiyl)- 

pipeiidin-4-yiamino]-l-methyI-3-ortfco-tolyl-3.4-dihydropyrimido[4,5-d]- 
pyrimidin-2(lH)-one. 



Compound 2-15 

This example illustrates the preparation of 7-(l-(2-cyanoethyl)-piperidin-4- 

ylamino]-l-methyl-3-ort/«>-toIyl-3.4-dihydropyrimidol4.5-d]pytimidin-2(lH)- 
one. 
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Sulfone 1.4 




A mixture of 7-(piperidin-4-^ianiino)-l-methyl-3-o-tolyl-3,4-dihydro- 
pyrimido[4>5-d]pyTimidin-2(lH)-one (0.184 g, 0.52 mmol) (prepared as described 
in Example 25), 1.5 mL of acr]donitrile, 0.5 mL of triethylamine, 0.5 mL of 1- 
methyl-2-pyzTolidinone, and 5 mL of tetrahydrofiiran was heated to 75°C for 1.5 
hours until the reaction was completed. The reaction mixture was concentrated 
under reduced pressure and was purified by chromatography on silica gd using 
10% methanol in ethyl acetate as eluant to give 0.157 g (75%) of the product. IM 
Hydrochloric add was added to 75 mg of the product dissolved in ethyl acetate, and 
the mixture stirred at room temperature for 1 hour, and the residue filtered imder 
nitrogen to give the hydrochloride salt of 7- [l-(2-cyanoethyl)piperidin-4-)damino]- 
l-methyl-3-ortho-toly^3,4-dihydropyrimido-[4,5-d]py^imidin-2(lH)-one. 

Example 29 
Compound 2*16 

This example illustrates the preparation of 7-[l-(2-cyanoethyl)piperidin-4- 
^amino] - 1 -methyd-3-ortfeo-tolyl-3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one. 



SuKone 1.4 
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The7-[(l-ethoxycarbon3dpiperidm-4-yl)amino]-l-met^^ 
dihydropyrimido[4,5-d]pyriinidin-2(lH).one (52 mg, 1.28 mmol) was taken up in 
5 mL dicWoromethane with iodotrimeth)dsaane (0.88 mL, 6.18 mmol) and refluxed 
overnight, then quenched with 1 mL methanol and evaporated in vacuo. The dry 
residue was redissolved in methanol, to which 1.28 mL of 0.5M sodium methoxide/ 
methanol was added before again evaporating in vacuo and purifying by flash 
chromatography on siHca gd using 10-40% methanol/dichloromethane with 1% 
ammonium hydroxide as eluant The column fractions containing 7-piperidin-4- 
ylamino-l-methyl-3-oitAo-tolylO,4-dihydropyrimido(4,5-d]-pyriinidm 
were combined and concentrated in vacuo, 

7-(Piperidin-4-ylamino)-l-methyl-3-orfAo-tolylO,4-dihydropyru^ 
[4,5-d]pyrimidin-2(lH)-one (0.035 g, 0.099 mmol) in 1 mL N,N-dimethyi- 
formamide was combined with bromoacetonitrile (0.014 mL, 0A99 mmol) and 
stined at 40°C overnight, then purified by flash chromatography on silica gd using 
3-10% (1:9 anmionium hydroxide/methanol)/dichloromethane as eluant The 
column fractions containing product were combined and concentrated in vacuo. 
The product was taken up in methanol, treated with hydrochloric add (1.0M/Et2O, 
1.0 equivalent), re-evaporated to dryness, then washed with ethyi ether, filtered, and 
dried to give 0.007 g of the hydrochloride salt of 7.[l.(2-cyanomethyl)piperidin-4- 
yla^lino]-l-methyl-3-o^tfIo-toIyi-3,4-dihydropyri^udo[4,5-d]-p 
one. 

Example 30 
Compound 2-20 

This example fflustrates the preparation of 7-[l-(2-methoxyca^bonylethyl)- 
piperidin-4-)damino]-l•mcthyl-3-ort;IO-tol)i-3,4-dihydropy^iInido[4,5-d]- 
pyrimidin-2( lH)-one. 
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Sulfone 1.4 




A mixture of 7-(piperidm-4-ylamino)-l-methyl-3-art/io-tolyl-3,4-dihyd^^ 
pyriinido[4,5-d]pyrimidin-2(lH)-one (0.19 g, 0.54 mmol) (prepared as described 
5 in Example 25)> 1.0 mL of methyl acryiate, 0.5 mL of triethylamine, 0.5 mL of 1- 
methyl-2-pyrrolidinone, and 5 mL of tetrahydrofiiran was heated at 75°C for 17 
hours. The reaction mixture was evaporated under reduced pressure, and the 
residue was purified by chromatography on silica gd using 5% methanol in 
dichloromethane as duant to give 132 mg (56%yidd} of &e product IM 
10 Hydrochloric add in ether was added to a solution of the product in ethyl acetate, 
and the suspension stirred at room temperature for 1 hour. The mixture was 
evaporated under reduced pressure to give the hydrochloride sdt of 7-[l-(2- 
methoxy-carbonylelh^)piperidin-4-ylanMno]-l-mcthyl-3-ort/io-tol)d-3,4^ 
dihydropyrimido- [4>5-d]pyrimidin-2 ( lH)-one. 

15 

Example 31 
Compound 2* 18 
This example iUustrates the preparation of 7-[(l-ca^bamoylmethyl- 
piperidin-4-^)carbamoylmethylamino]-l-methyI-3-Olt^lo-toly^3,4-dihydro•• 
20 pyrimido- [4^-d]pyrimidin-2( lH)-one. 



Sulfone 1.4 
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7-(Piperidin-4-ylamino)-l-meth)i-3-ortAo-toIyl-3,4-dihydropyriim 
(4,5-d]pyrimidin-2(lH)-one (0.030 g, 0.080 mmol) (prepared as described in 
Example 25) was taken up in 1 mL N^-dimethylfonnanude with bromoacetamide 
(0.022 g, 0.161 mmol) and stirred at 50»C overnight Another portion of 
bromoacetamide (0.022 g) was added before returning the reaction to 50«C for a 
second night. The reaction mixture was purified by flash chromatography on silica 
gel using 6-20% (1:9 ammonium hydroxide/ methanol)/dichloiomethane as duanL 
The colunm fractions containing product were combined and concentrated in 
vacuo. The final product was taken up in methanol, treated with hydrochloric add 
(LOM/EtaO, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, 
filtered, and dried to give 0.001 g of the hydrochloride salt of 7-[(l-carbamoyl- 

methyipiperidin-4-yl)carbamoyimethjd-amino].l-methyl-3-ortAo-toljd-3,4- 
dihydropyrimido[4,S-d]pyrimidin-2(lH)-one. 



Compound 2-12 

This example illustrates the preparation of 7-(l.methane$ulfonylpiperidin- 
4-yl)-l-methyl-3-ortAo.tolyl-3,4-dihydropyrimidol4,5-d]pyrimidin-2(lH)-one. 

HgC^^^s^ H C ^ 

0 " 6 



H < 



H3C 



o 



7-(Piperidin-4-)4amino)-l-metiiyl-3-or<ho-tolyl-3,4-dihydropyrimido- 
[4,5-d]pyrinudin.2(lH).one (0.200 g, 0.567 mmol) (prepared as described in 
Example 25) was taken up in 5 mL pyridine, and the solution cooled to 0»C before 
adding methanesulfonyi chloride (0.046 mL. 0396 mmol). The reaction was stirred 
at OX for 2 hours then quenched with ice water and extracted with ethyl acetate. 
The organic extracts were washed with water and saturated aqueous sodium 
bicarbonate, then rewashed with water and evaporated in vacuo. The residue was 
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purified by column chromatography on silica gel using 1:15 methanol/dichloro- 
methane as eluant. The column fractions containing product were combined and 
concentrated in vacuOy and the final product redissolved in a minimum volume of 
ethyl acetate and methanol. Addition of hydrochloric acid (L0M/£t20, 1.0 
equivalent) gave the salt which was filtered and dried to give 0. 124 g of the 
hydrochloride salt of 7-(l-methanesulfon^piperidin-4-yl)-l-methyl-3-ortfco-tolyl- 
3,4-dihydropyrimidol4,5-dlpyrimidin-2(lH)-one. 

Example 33 
Compound 2-17 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(l-cyano- 
methylpiperidin-4-yiamino)-l-methyl-34-dihydropyriniido[4,5-d]pyrimidin- 
2(lH)-one. 

CU 



Sulfone1.3 ^ ^ ^ ^ in 

H ""Js^N 

3-(2-Chlorophenyl)-7-(piperidin-4-yiamino)-l-methyl-3,4-dihydro- 
pyriinido[4,5-d]pyriniidin-2(lH)-one (0.030 g, 0.080 mmol) (prepared similarly as 
described in Example 29) was taken up in 1 mL N J^-dimeth)dformamide with 
bromoacetonitrile (0.01 1 mL, 0.161 mmol) and stirred at 50^C overnight Another 
0.011 mL bromoacetonitrile was added before returning the reaction to 50°C for a 
second ni^t The reaction mixture was purified by flash chromatography on silica 
gel using 1-20% (1:9 anunonium hydroxide/ methanol)/ dichlorometfaane as 
duant. The column fractions containing product were combined and concentrated 
in vacuoj which was taken up in methanol, treated with hydrochloric acid 
(L0M/Et20, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, 
filtered, and dried to give 0.002 g of the hydrochloride salt of -3-(2-chloro-phenyl)- 
7- ( 1 -cyanomethylpiperidin-4-yiamino)- l-methyl-3,4-dihydropyriinido [4,5-d] - 
pyrimidin-2( lH)-one. 
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Example 34 

4-Amino-2-bgnzYltfii'ft pvrimidine-5-<arfaoxal^^^ 

.A.X 



Ph "S" "N^ ^NHg 



34 J Preparation of4-andno-5-carbethoxy-pyrinddine'2'thiol 
Sodium ethoxide (272 g, 4.0 mol) (Lancaster) was stirred in 1 L of ethanol 
and treated with thiourea (304 g, 4.0 mol) (Avocado). Ethyl ethoxymetfiylene 
cyanoacetate (676 g, 4.0 mol) (Avocado) was added and the mixture heated at 
reflux for 8 hours. After cooling to room temperature overnight, the reaction 
mixture was treated sequentially with 2 L of water and 400 mL of acetic acid. The 
reaction mixture was heated at reflux for 30 minutes, cooled to room temperature, 
and die suspension filtered. The solid was washed three 500 mL portions of water, 
two 500 mL portions of acetone, and 500 mL of diethyl ether. The product was 
dried to give 473.3 g (60%) of 4.amino-5-carbethoxy-pyrimidine-2-thiol as a cream 
solid of melting point >250*'C. 

34,2 Preparation of4-amino-2'benzylthiopyrirmdine-5-carboxylaXe 
A stirred suspension of 4-amino-5-carbethoxy-pyrimidine-2-thiol (473 g, 
2,377 mol) in 3.5 L of ethanol was treated with potassium carbonate (180.4 g, 1.307 
mol) and benzyl bromide (447.1 g, 2.615 mol). The mixture was heated at reflux 
for 2 hours then allowed to cool to room temperature overnight The suspension 
was filtered and the solid washed with two 500 mL portions of ethanol, 2 L of water 
and two 500 mL portions of water. The product was dried in vacuo over 
phosphorus pentoxide at 50X to give 416 g (61%) of etiiyl 4-amino-2- 
benzylthiopyrimidine-5-carboxylate as a cream solid of melting point 117-118**C. 
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34.3 Preparation of4-aminO'2'benzylthiopyriTriidme'5'rriethanol 

A solution of ethyl 4-amino-2-benz)dthiopyriniidine-5-carbox)date (462.4 g, 
1.6 moi) of in 2.3 L of sieve-dried tetrahydrofiiran was added slowly with stirring to 
a 1 M solution of lithium aluminium hydride (1.6 L, L6mol) in tetrahydrofiiran 
under a nitrogen atmosphere with ice-cooling. The solution was added at a rate to 
maintain a temperature of 18-20®C On completion of the addition, the mixture 
was heated to 60**C and treated cautiously with 60.8 mL of water during 1.5 hours. 
15% aqueous sodium hydroxide (60.8 mL)was added during 30 minutes, followed 
by 182.5 mL of water during 30 minutes. The suspension was stirred at 60°C 
overnight then filtered through Hyflo filter aid while still hot, and the solid washed 
with two 1 L portions of tetrahydrofiiran. Evaporation of the filtrate to dryness 
gave 392.5 g (99%) of 4-amino-2-benzylthiopyrimidine-5-methanol as an ofF-white 
solid which was used in the next stqp without further purification. 

34.4 Preparation of4-amim'2'benzylthiopyrimdine'5'Carboxaldehyde 
A suspension of 4-aniino-2-benz]dthiopyriniidine-5--methanol (392.5 g> 

1.59 mol) in 7.75 L of dichloromethane under a nitrogen atmosphere was treated 
with activated manganese dioxide (1.382 Kg, 15.9 mol) (Acros). The reaction 
mixture was stirred at ambient temperature overnight then filtered through Hyflo 
filter aid. The solid was washed with three 1 L portions of dichloromethane and the 
combined filtrates evaporated to give 340.5 g (88%) of 4-amino-2-benz)H[thio- 
pyrimidine-5-carboxaldehyde as a pale yellow solid of melting point 136-139°C. 

Example 35 

3-f2-cMorophenyl)-7-benzvlthio-3.4-dihvdropvrimidof4,5-d1pyrimidin-2(lH)- 

one 
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35.1 Preparation of5-(2-^MoropheT^l)ammomethyl-4-ammo-2- 
bemybhiopyrimidine 




A mixture of 4-amino-2-benz)4thiopyrimidine-5-carboxaldehyde (5 g, 
20.4 mmol),2-chloroaniline (225 mL, 21.4 mmol) and 4-toluene-sulfonic add 
monohydrate (0. 1 g, 0.5 mmol) in 60 mL of toluene was heated under reflux with 
azeotropic removal of water for 3 hours. The mixture was cooled to O^C and the 
precipitate was collected by vacuum filtration and was washed with hexanes and air 
dried. This soKd was then dissolved in 100 mL tetrahydrofuran and the solution 
cooled to (PC. liAium aluminium hydride (0.735 g. 18.8 mmol) was added in 
smaU portions over 45 minutes. Once the addition was complete, the mixture was 
stirred for a fijrther 15 minutes and catefiiBy treated sequentially with 0.8 mL water, 
0.8 ml of 15% aqueous sodium hydroxide and tiben 2.4 mL of water. The mixture 
was stirred for 30 minutes, filtered through cdite, and the filtrate concentrated in 
vacuo. The soUd was stirred with diethyl ether, filtered and air dried to give 6.1 g of 
5-(2-ddorophenyi)aminomethyl-4-amino-2-ben2yIthiopyrimidine as a white solid. 



35.2 Preparation of3-(2-dilorophenyl)-7-ben^thio-3,4-dihydr<^fyrimido- 
[4,5-d]pynmidin-2(lH) -one 




Sulfide 8.1 

To a stirred solution, cooled to -lOOC, of 5-{2-chlorophenyi) aminomethyl- 
4-amino-2-benzylthiopyrimidine (43 g, 12.1 mmol) in 100 mL of tetrahydrofuran 
was added triethylamine (3.1 mL, 222 mmol). This solution was then treated 
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dropwise with a solution of phosgene (6.15 mL of 20% solution in toluene; 
11.8 mmol). After stirring for 30 minutes, additional triethylamine (1.0 mL, 
7.1 mmol) was added followed by phosgene (2.0 mL of 20% solution in toluene; 
3.8 nrniol). The reaction was warmed to room temperature, treated with 0.5 mL 
5 water and stirred for 30 minutes. The reaction was then filtered and the mother 
liquor was concentrated and stirred with dichloromethane. The product was then 
collected by vacuum filtration and dried in vacuo to give 3.83 g of 3-(2- 
cUorophenyl)-7-benzyIthio-3,4-dihydropyriniido-[4,5-d]pyrimidin-2(lH)-one as a 
white solid (sulfide 8.1). 

10 



Example 36 

3-f2-cMorophenyl)-7-benzyhulfonyl-3.4-dihvdropYrimidof^ ,-S-d]pYriniidm 

2(lHVone 




Sulfone 9.1 



15 A suq>ension of sulfide 8.1 (1 g, 2.61 mmol) in 10 mL of dichloromethane 

was cooled in ice and treated with 70% 3-chloroperbenzoic add (1.29 g> 5.23 
mmol). The mixture was stirred at room temperature for 2 hours, then treated with 
25 mL of 10% aqueous sodium thiosulphate and left to stir for 30 minutes. The 
resulting mixture was diluted with 100 mL dichloromethane and the phases were 

20 separated. The organic phase was washed with 10% aqueous potassium carbonate, 
then brine, and then dried over magnesium sulfate and filtered. Concentration of 
the filtrate under reduced pressure gave 0.73 g of 3-(2-chlorophenyl)-7- 
benzylsulfonyl-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one (sulfone 9.1) as a 
white solid. 



25 
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A related compound, 7-beiizylsuIfonyl-3-art/io-toI)4-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (sulfone 9.2) was prepared using ortho- 
toluidine in place of 2-chloroaniIine in Example 35. 




Sulfone 9.2 



Compound 3-26 

This example illustrates the preparation of 3-{2-chlorophenyl)-7-(tran5-4- 
hydroxycyclohex>dainino)-l-(2-pyrroUdin-I-yl-ethyi)-3»4-dihydropyr^ 
pyiimidin-'2( lH)-one. 

37.2 Preparation of7'berizylthiO'3-(2-dihrophertyiyi-(2-pyrroli^^^ 
ethyl)'3A-dihydTOpynrriidol4,5-d]pyrifn^^ 




Sulfide 8.1 (500 mg» 1.31 mmol) was taken up in 2 mL tetrahydroforan and 
combined with l-(2-hydroxyethyl)pjOTolidine (0^3 mL, 1.96 mmol), 
triphenylphosphine (514 mg, 1.96 mmol), and DEAD (0.31 mL, 1.96 mmol). The 
reaction mixture was stirred at room temperature for 3 hours, when additional 
quantities of l-(2-hydroxyethyl)pyrroUdine, triphenylphosphine, and DEAD were 
added (another 1.96 mmol each). The mixture was stirred at room temperature 
overnight and semipurified by chromatography on silica gd using 2.5-10% 
methanol/dichloromethane as eluant, to provide >1 g mixture of product 
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7-benzylthio-3-(2-chlorophenyl)- 1 -(2-pyrrolidih- l-yleth)d)-3,4- 
dihydropyrimido(4,5-d]-pyrixnidin-2(lH)-one and residual starting materials. 

37.2 Preparation of7'ber]zylsulfoTiyU3'(2'Chlorophenyl)'l'(2'pyrroM 
5 yl'ethyl)-3,4'dihydropyrirriido[4,5-d]pyrimidin'2(lH)'On^ 




Oxidation of 7-ben2ylthio-3-(2-chlorophenyI)-l-(2-pyrrolidin-l-yieth3d)- 
3,4-dihydropyriinido[4,5-d)pyTiniidin-2(lH)-one was accomplished using 3- 
cfaloroperoxy-benzoic add (0.94 g> 3.92 mmol) in dichloromethane with stirring at 
10 room temperature for 1 hour. The reaction was quenched with saturated sodium 
sulfite (aqueous, 1 mL) and extracted with dichloromethane. The combined 
esEtracts were dried, and concentrated in vacuo to provide 7-ben2ylsulfonyl-3-(2- 
chlorophenyi)-l-(2-pyrroUdin-l-ylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one, which was used without purification. 

15 

37.3 Preparation of 3-(2-chlorophenyl)-7'( trans-4'hydroxycyclohexyU 
antino)-l'(2-pyrrolidin'l'ylethyl)-3,4'dihydropyrimido[4,5'd]pyrim 




20 



The crude 7-benzylsulfonyl-3-(2-chlorophenyl)-l-(2-pyrrolidin-l'yleth>d)« 
3,4-dihydropyrimido[4>5-d]pyrimidin-2(lH)-one was taken up in 6 mL diglyme 
with min5-4-aminocyclohexanol (165 mg, 1.44 mmol) and stirred at 120**C for 3 
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hours. The mixture was purified by chromatography on silica gd using 3-30% 
methanol/ dichloromethane as eluant to provide the title compound (45 mg. 
0,096 nunol). The purified product was taken up in ethyl acetate and treated with 1 
equivalent HCl/EtzO to precipitate the hydrochloride salt of 3-(2-chlorophenyl)- 
7-(irflm-4-hydroxycydohexyl-aniino)-l-(2-pyrrolidin-l-ylethyl)-3,4- 
dihydropyrimido(4,5-dlpyrimidin-2(lH)-one. 

)&a^7iple38 
Compound 3-27 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4- 
hydroxycydohexylaniino)-l-(2-diethylaniinoethyl)-3,4-dihy^^ 
pyrimidin-2( lH)-one. 

38.1 Preparation of 7-benzylthiO'3'(2-dihrophenyl^^^ 
ethyl)-3,4'dihydropyrimido[4,5-d]p)nrirnid^ 




Sulfide 8.1 (500 mg, 131 mmol) was taken up in 2 mL tetrahydrofuran with 
N,N-diethyiethanolaminc (0.26 mL, 1.96 mmol), triphenylphosphine (514 mg, 
1.96 mmol), and DEAD (031 mL, 1.96 mmol), and stirred at room temperature for 
3 hours, \rfien additional quantities of diethjdethanolamine, triphen^dphosphine, 
and DEAD were added (another 1.96 nmiol each). The mixture was stirred at room 
temperature overnight and semipurified by chromatography on silica gd using 1- 
3.5% methanol/dichloromethane as eluant, to provide > 1 g mixture of 7- 

benz)dthio-3-(2-chlorophenyl)-l-(2-diethylaminoethyi)-3,4-dihydropyrimido(4,5- 
d]pyrimidin-2(lH)-one and residual starting materials. 
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38.2 Preparation of 7'berizybulfinyl'3-(2'chlorophenyl)'l'(2'dkthylarnin^ 
ethyl)'3,4-dihydropyrimido[4,5-d]pyrimidin'2( lH)-one, 




Oxidation of the 7-benz/lthio-3-(2-chlorophen)d)'l-(2-dieth}daminoethyI)- 
3,4-dihydropyrimido[4,5-d]pyrixnidin-2( lH}-one was accomplished using 3- 
chloroperoxjr-benzoic add (0.339 1.96 nunol) in dichloromethane with stirring at 
room temperature for 1 hour. The reaction was quenched with 10% sodium sulfite 
solution (aq, 5 mL), poured into saturated aqueous sodium bicarbonate, and 
extracted with dichloromethane. The combined extracts were dried with 
magnesium sulfate and concentrated in vacuo to provide 7-benzylsulfinyI-3-(2- 
cUorophenyl)-l-(2-diethyiamino-ethyl)-3,4-dihydropyriniido-[4,5-d]pyrimx 
2(lH)*one, which was used without purification. 

38.3 Preparation of3'(2'Mnophertyl)'l-(2''diethylaminoethyl)-7-(tram-4^ 
hydroxy-cydohexyhmino)'3,4'dihydropyrimido[4,5'd]pyrirriidin-2(lH)'m 




OH 



The crude 7-benzylsulfinyl-3-(2-chlorophenyl)-l-(2-diethylaminoethyl)- 
3,4-dihydropyrimido[4y5-d]pyriniidin-2(lH)-one was taken up in 2 mL diglyme 
with tran5-4-aminocyclohexanol (150 mg, 1.31 mmol) and stirred at 120®C for 4 
hours. The mixture was purified by chromatography on silica gel using 5-35% 
methanol/ dichloromethane as eluant to provide the title compound (52 mg, 
0.110 mmol). The purified product was taken up in ethyl acetate and treated with 
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1 equivalent HCl/EtjO to predpitate the hydrochloride salt of 3.(2-chlorophenyl). 

7-{fr«w.4-hydrox5rcydohexyl-aiiiino)-l.(2-diethylaininoethyi).3.4-dihydr^ 
pyriinido{4,5-d]pyriinidin-2( lH)-one. 



F.Tamplf 

Compound 3-30 

This example iDustrates the preparation of 3-(2-chlorophenyl)-l-(2- 

dimethylaminoethyl)-7-«rflns-4-hydr<«ycydohexyiamino).3,4-dihydro- 
pyrimido(4,5-d]-pyrimidin-2(lH)-one. 

39.1 Preparation of7-benzyIlhio-3-(2-dilorophenyl).l.(2-dimeatyl- 
t^oetkyl)-3,4-dihydropyrimido[4,5-d}pyrimdin.2(lH)-om^ 

H 




Sulfide 8.1 in 5 mL tetrahydrofuranwas combined with N,N-dimethyI- 
ethanolamine (039 mL. 3.92 mmol), triphenylphosphine (1.04 g, 3.92 mmol), and 
DEAD (0.62 mL, 3.92 mmol), and stirred at room temperature for 1 hour. The 
mixture was semipurified by chromatography on silica gd with 1-3% 
methanoydichloromethane as eluant, to provide >1 g mixture of 7-ben2ylthio-3-(2- 

cWorophenyl)-l-(2-dimethyIamino-ethyl)-3,4.dihydiopyrimido[4,5-d]pyrimidin- 
2(lH)-one and residual triphenylphosphine oxide. 



wo 01/29042 



PCT/EPOO/10088 



80 

39.2 Preparation of7-benzylsulfonyU3'(2-chlorophenyl)'l -{2- 
diniethylarnino-€thyl)'3,4'dihydropyrimido[4,5'd]pyrim^^ 




Oxidation of the sulfide was accomplished using 3-chloroperoxybenzoic 
5 acid ( 1 .35 g, 7.84 mmol) in dichloromethane ivitE stirring at room temperature for 
1 hour. The reaction was quenched with saturated sodium sulfite (aqueous, 1 mL) 
and extracted with dichloromethane. The organic extracts were washed with 
saturated aqueous sodium bicarbonate, dried with magnesium sulfate, and 
concentrated in vacuo to provide 7-benzylsulfonyl-3-(2-chlorophenyi)-l-(2- 
10 dimethylaminoethyl)-3,4-dihydro-pyrimido- (4,5-d]pyrimidin-2( lH)-one, which 
was used without purification. 

39.3 Preparation of3'(2'chbrophenyl)'l-(2'dimethylaminoethyl)-7-(tran5' 
4'hydroxycychhexylatnino)-3y4-dihydropyrinM 



15 




The crude 7*benzylsulfonyl-3-(2-chlorophenyl)-l-(2-dimeth^aminoethyl}- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one was taken up in 2 mL diglyme 
with tran5*4-aminocydohexanol (331 mg, 2.87 mmol) and stirred at 120®C for 4 
hours. The mixture was purified by chromatography on siUca gd using 10-30% 
20 methanol/ dichloromethane as eluant to provide the title compound (180 mg, 0.405 
mmol). The purified product was taken up in ethyl acetate and treated with 
1 equivalent HCl/Et20 to predpitate the hydrochloride salt of 3-(2-chlorophenyl)- 
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l-(2-dimethylammoethyl)-7-(min5-4-hydtoxjrcydohexjda^ 
pyriniido[4,5-d]pyriinidm-2(lH)-one. 

Example 40 
Compound 3-22 

This example illustrates the preparation of (S)-3-(2-chlorophenyI)-7-(2- 

hydroxy-l-methyl-ethylamino)-l-(piperidin-4-yI)-3,4-dihydropyrimido[4,^^ 
pyrimidin-2( lH)-one. 

40.1 Preparation of7'berizylihw-3'(2'iM)rophenyl)-l'(pipe^ 
dihydrop}mrmdo[4,5-d]pynmidin'2(lH)-one. 




To a suspension of sulfide 8.1 (850 mg, 2.22 mmol) in tetrahydrofuran 
(10 mL) was added terr-butyl.4-hydroxy-l-piperidine carboxylate (411 mg, 2.22 
mmol) and diphenyl-2-pyrid)dphosphine (878 mg, 3.3 mmol). After 5 minutes di- 
tcrt-butyl-azodicarboxyiate (768 mg, 3.33 mmol) was added and the reaction was 
stirred at room temperature over the weekend. The reaction was placed direcdy on 
a flash silica column using 3:1-2:1 hexane ethyl acetate and 1:1 hexane/ethyl acetate 
as eluants to give 930 mg of 7-benzyithio-3-(2-chlorophenyl)-l-(piperidin-4-yl)- 
3,4-dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one, 
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40.2 Preparation of7'herizyhulfitiyU3-(2'<Morophmyiyi'(piperid 
3,4'dihydropyrirriido[4,5'd]pyrimidin'2(lH)'One, 




To a solution of 7-benzyithio-3-(2-clllo^ophen^)-l-(piperidin-4-^)- 
3,4.dihyd^opy^iInido [4,5-d)pyrimidin-2( IH) -one (920 mg, 1.62 mmol) in 
dichloromethane ( 16 mL) cooled to 0«C was added 3-chloropeibenzoic add (403 
mg, 1.64 mmol). After an hour at room temperature 5 mL of 10% sodium 
thiosulphate was added. After 10 minutes, the dichloromethane layer was separated 
and washed with 10% potassium carbonate and brine> dried over magnesium 
sulfate, concentrated in vacuo to give 650 mg of 3-(2-chlorophenyl)-7- 

benzylsulfinyl-l-(piperidin-4-yi)-3,4-dihydropyriniido[4,5-d]-pyrimidin-2(lH)- 
one as a white foam. 

40.3 Preparation of (S)'3'(2-chlorophenyl)'7'(2'hydroxy'l'methyU 
ethyIamino}'l'(piperidin'4'yl)'3,4'dihydropyrimido[^^^ 




To a suspension of 7-benzylsulfinyl-3-(2-chlorophenyl)-l-(piperidin-4-)d)- 
3,4-dihydropyrimido [4,5-d] pyrimidin-2( IH) -one (650 mg, 1.136 mmol) in 
i;j-dimcthoxyethane (0.5mL) was added (S)-(+)-2-amino-l-propanol (250 mg, 
3.33 nmiol). The reaction was warmed to 100 *C under argon for 2 hours. The 
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reaction was placed directly on a flash silica column using 92:8-90:10 dichloro- 
methane/methanol as eluant to give 300 mg of the (S)-3-(2-chIorophenyI)-7-(2- 
hydroxy-I-methylethyIamino)-l.(piperidin-4-yl)-3,4-dihydropyri^ 
d]pyrimidin-2(lH)-one, which was redissolved in 5 mL of dichloromethane and 5 
mL trifluoroacetic acid. After 5 hours the solvents were removed in vacuo and 5 mL 
of eth^d acetate and 5 mL of 10% sodium bicarbonate were added. The organic 
layer was sq)arated, washed with biine, dried over magnesium sulfate and 
concentrated in vacuo to give 130 mg of the title compound as a white foam that 
was dissolved in eth^d acetate and treated with 1 equivalent of hydrochloric add in 
l.OM ether. The predpiute was collected, washed with ether and dried in vacuo to 
give 115 mg of the hydrochloride salt of (S)-3-(2-chIoro-phcnyi)-7-(2-hydroxy-l- 
methylethylamino)-l-(piperidin-4-)d)-3,4-dihydropyrimido[4,5-d]py^ 
2(lH)-one. 

Example 41 
Compoimd3-21 

This example illustrates the preparation of (J?)-3-(2-chlorophenyl)-7-[(2- 
hydroxy-l-meth^ethyl)amino]-l-(2-ethoxy-l-ethoxymethylethyl)-3,4- 
dihydropyrimido-[4,5-d]pyrimidin-2(lH)-one. 

41. 1 Preparation of7'benzylthio'3-(2'Chlorophenyl)- Hl-elhoxy-l-eOioxy- 
methylelhyl)'3,4'dihyitopyrimido[4,5'd]pyrir^ 




A mixture of sulfide 8.1 (600 mg, 2.4 mmol), diphen)d-2-pyrid)dphosphine 
(619 mg, 2.4 mmol) and l,3-diethoxy-2-propanol (232 mg, 0.6 mmol) was 
dissolved in tetrahydrofiiran under nitrogen. To this solution was added di-tcrt- 
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butylazodicarboxylate (542 mg, 2.4 mmol) in one portion^ and the resulting 
mixture was stirred at room temperature for one day. IM hydrochloric acid in 
ether was added and the excess solvent was evaporated after stirring the mixture for 
1 hour. The residue was dissolved in ether and washed with aqueous hydrochloric 
5 add. The organic layer was dried over sodium sulfate, concentrated and the residue 
was purified by colunm chromatography on silica gd using 30% eth^ acetate in 
hexane as eluant. The column firactions containing product were combined and 
concentrated in vacuo to give 566 mg of 7-ben2)dthio-3-(2-chlorophenyi)-l-(2- 
ethoxy-l-ethoxymethylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

•10 

4L2 Preparation of7-henzyhulfxnyU3'(2-chhrophenyiyi'(2'€^ 
ethoxy-methyUthyiySA-dihydropyrimi^ 




A suspension of 7-benz)dthio-3-(2-chlorophen)d)-l-(2-ethoxy-l-ethoxy- 
15 methyleth^)-3,4-dihydxopyrimido[4,5-d]pyrimidin-2(lH)-one (566 mg, 1.1 
mmol) in dichloromethane (5 mL) was cooled in an ice bath and 3-chloroper- 
benzoic acid was added. The reaction mixture was stirred for 1 hour, concentrated 
in vacuot and the residue was purified by column chromatography on silica gd 
using 98:2 dichloromethane/methanol. The colunm firactions containing product 
20 were combined and concentrated in vacuo to yidd 425mg of 7-benzyIsulfin)4-3-(2- 
cUorophenyl)-l-(2-ethoxy-l-ethoxymethyiethyI)-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 
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4L3 Preparation of (Ry3-(2'Chhrophmyl)'7'[(2'hydrooy'l^rn^yU 
ethyl)arrimoH^(2-ethoxy'l'ethoxymethyl^^^ 
pyrimidin'2( lH)-one. 



7-Ben2yIsulfinyl-3-(2-cWorophenyI)-l-(2-ethoxjr-l-ethox)TO 
dihydropyrimido[4,5.d]pyrimidin-2(m (425 mg, 0.8 mmol) in (JJ)-2-aniino- 
1-propanol (1 mL) was heated to 140**C for 18 hours at which time it was cooled to 
room temperature and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel using 98:2 dichloromethane/methanoL The column 
firactions containing product were combined and concentrated in vacuo to give an 
oil, which was re-dissolved in ethyl acetate. Addition of hydrochloric acid 
( L0M/Et2O> 2.0 equivalents) gave the salt which was filtered and dried to 156 mg of 
the hydrochloride salt of rii>3.(2-chlorophenyl)-7-(2-hydroxy-l -methylethyl- 
amino)-l-(2-ethoxy-l-ethoxy-meth)iethyl)0,4-dihydropyrimido[4,5 
pyrimidin-2(lH)-one, 



This example illustrates the preparation of 3-(2-chlorophen)d)- 

7-(fran5-4.hydroxycydohexylamino)-l-(2,2,2-trifluoroethyl)-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH).one. 




X) 



Compound 3-60 
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42. 1 Preparation of7-benzylthio-3- (2-chlorophenyl)'l -(2,2,2- 
trifluoroethyl)-3,4-dihydropyrirnido[4,5-d]pyrimidiri-2(lH)'Or^ 




To sulfide 8.1 (0.563 g, 1.47 mmol) in dzy N»N-dimethylfbrmamide (3 mL) 
5 was added sodium hydride (60%, 0.1 g, 2.5 mmol) at 0 ^'C. After stirring the 

mixture at room temperature for 30 minutes, 2»2,2-trifluoromethane sulfonate ( 1 
mL) was added and the mixture was stirred overnight £th^ acetate was added to 
the reaction mixture, and the solution was washed with brine, dried over sodium 
sul&te, filtered, and evaporated. The resulting ofl residue was trituated with 
10 hexanes to give 0.65 g of crude 7-benzylthio-3-(2-chlorophenyl)- 1-(2,2,2- 

trifluoroethyi)-3,4-dihydropyrimido[4,5-d]pyTimidin-2(lH)-one, which was used 
direcdy in the next step vathout purification. 

42.2 Preparation of7-benzylmlJbnyl'3-(2'chbrophenyl)-'l''(2,2^'trifluorO' 
15 ethyl)'3p4'dihydropyrimido[4,5-d]pyrimidin'2(lH)'one 




To 7-ben2yithio-3-(2-chlorophenyl)- l-(2,2,2-trifluoroethyl)-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one (0.67 mg) in tetrahydrofiiran (7 mL) at 0®C 
was added a solution of Qxone® (2.27 g) in water (7 mL). The mixture was then 
20 stirred at room temperature for one hour. Additional Oxone® (0.8 g) in 2 mL of 
water was added and the mixture was stirred for another 1 hour. The mixture was 
diluted with eth)d acetate, washed with brine, dried over sodium sulfate, filtered and 
evaporated to give 0.65 g of crude 7 benz)dsulfbnyl-3-(2-chlorophenyl)-l-(2,2,2- 
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trffluoroethjd)-3,4-dihydropyrinudo(4^dJ-pyriinidin-2 as a white solid, 

■wldch was used directly in the next step without purification. 

42.3 Preparation of3-(2-chbrophmyl)-7-(tram-4-hydroxyeydohexyI. 
'^''«>)-W>2-triftuoroethyl).3,4-dihydropyriTn^^ 

OH 

7-Ben2ylsulfonyl-3-(2-chlorophenyl)-l.(2^,2-trifluoroethyl)-3,4-dihydro- 
pyrimido[4.5-d]pyrimidin-2(lH).one (300 mg. 0.604 mmol), rraw-4-aniino. 
cydohexanol (208 mg, 3 equivalents) and l-mediyl-2-pyiToUdinone (03niL) were 
heated with stirring at 110 "C for 20 minutes, at which time it was cooled to room 
temperature. The residue was purified using preparative thin layer chromatography 
using ethyl acetate as eluant, to give 155 mg of 3-(2-chlorophenyI)-7-(fr«is^ 

hydroxycydohe>cylamino)-l-(2^,2-trifluoroethyl)-3.4-dihydropyrimido(4,5-d]- 
pyriniidin-2(lH)-one as an ofif-^te powda. 



Example 43 
Compound 3-32 
This exanq>le iUustrates the preparation of 3-(2-chlorophenyl)- 
7-(«rflm-4-hydroxycydohexyiamino)-l-(dimethylaminocari>onyhnethyi)-3,4- 
dihydropyrimido-[4,5-d]pyiimidm-2(lH)-one. 
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43. J PreparaHonof7-beTizylthio-3-(2'chlorophenyl)-l'(ethoxycarb 
methyl)-3,4-dihydropynmidol4,5'd]pyrimidin'2(lH)'On^ 




Sulfide 8.1 (2.0g, 5.22mmol) in N,N-<limethylformamide (10 mL) was 



combined with sodium hydride (230 mg, 5.75 mmol), and the reaction mixture was 
stirred for 20 minutes, then eth^bromoacetate (1.16 mL» 10.45 mmol) was added. 
After 3 hours the reaction was quenched with water and extracted into ethyl acetate. 
The combined organic extracts were washed with water, dried> filtered, 
concentrated in vacuo, and the residue was purified by column chromatography on 
silica gd using 30% acetone/hexane as duant The column firactions containing 
product were combined and concentrated in vacuo to give 1.438 g 7-benzyithio-3- 
(2-chlorophenyi)-l-(ethoxycaifaonyhnethjd)-3,4-dihydropyrimido-[4,5-d]- 
pyriniidin-2(lH)-one. 

43.2 Preparation of 7'bemylthiO'3-(2'Chlorophenyl)''l'(hydro^carbonyl' 
methyl)-3,4-dihydropyrimido[4,5-d]pyrintidin-2( lH}'0ne 




A mixture of 7-benzyithio-3-(2-chlorophenyl)-l-(ethoxycarbonyimethyl)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (1.435 g, 3.36 mmol) and lithium 
hydroxide monohydrate (481 mg, 11.5 mmol) in methanol (10 mL) and water 
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• room 



OOmL) WBrerefluxedfor48hours. The reaction mixture was cooledto] 
temperature and dUuted with ethyl acetate^vater. The aqueous layer was adjusted 
to pH 4 and extracted with ethyl acetate. The combined organic extracts were dried, 
filtered and concentrated in vacuo to give 1.2 g of 7-ben2ylthio-3-(2-chlorophenyi)-' 
l-(hydroxycarbonylmethyl)-3,4-dihydropyrimido[4,5-dJ-pyrimidin-2{lH)- 



-one. 



43.3 Preparation of7-heraylthio-3-(2-dilorophenyl)-l.(dirnethylamino- 
'^ori)^eihyl)-3.4-dihydropyrimido[4,5-d]pyrim^^^ 




To a solution of 7-ben2yhhio-3-(2-chlorophen)d)-l-(hydroxycarbonyi. 
mediyl)-3.4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (500 mg, 1.13 mmol) 
andben2otriazol-l.yloxytris(pyrrolidino)phosphoniuni hexafluorophosphate) (885 
mg. 1.70 mmol) in N,N-dimethylfbnnamide (15mL) was bubbled dimethylamine 
gas into the solution for two minutes, then stirred in a sealed tube for 2 hours. The 
reaction mixture was quenched with water and extracted into ethyl acetate. The 
combined organic extracts were washed with water, dried, filtered, concentrated in 
yacuo. and the residue was purified by column chromatography on siUca gd using 
36:1 didoromethane/metiianol as duant The cdnmn fractions containing product 
were combined and concentrated in vacuo to give 490 mg of 7-ben2yithio-3-(2- 

ddorophenyl)-l-(dimethylaminocaibonyI-methyl)-3.4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 
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43A Preparation of 7'benzybulfonyl'3'(2-chhrophenyl)'l-(dimethyhm 
carbonylmethyl)'3,4-dihydropyrimido[4,5'd]pyrimidin-2(lH^ 




To a solution of 7-benr)dthioO"(2-cUorophenyl)-l-(dim€thyhinmo- 
carbon]d-methyI)-34-dihydropyrimido[4^-d]py^^ (490 mg, L13 

mmol) in chloroform was added 3-chloroperoxybenzoic add (780 mg, 4.52 mmol). 
The mixture was stirred for 2 hours then washed with 10% solution of sodium 
sulfite in water and sodium bicarbonate aqueous solution, dried, filtered and 
concentrated to give 550 mg of 7-ben2ylsulfonyl-3-(2-chlorophenyl)-l- 
(dimethylaminocarbonyhnethyl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)- 
one. 

43.5 Preparation of 3-(2-chlorophenyl)''7'( trans-4'hydroxycycloxylamino > 
l-(dimethylaminocarbonylmethyl)'3,4'dihydropyrimido[4,5-d]pyrim 




OH 



7-Benzylsulfonyi-3-(2-chlorophen)d)-l-(dimeth)daminocarbon^eth)d)- 
3,4-dihydropyrinudo[4,5-d]pyrimidin-2(lH)-one (550 mg, 1.1 mmol) was 
combined with trfl«5-4-aminocydohexanol (253 mg, 2.2 mmol). The mixture was 
heated to 100-105**C for 3 hours, at which time it was cooled to room temperature. 
The residue was purified by column chromatography on silica gel using 9:1 
didoromethane/methanol as duant The column fractions containing product 
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were combined and concentrated in vacuo to a solid that was triturated with 
methanol, filtered, dried and suspended in ethyl acetate. Addition of hydrochloric 
aad (hOM/Et^O. 2.0 equivalents) gave the salt whicb was filtered and dried to give 

90 mgofthe hydrochloride salt of 3-(2-chlorophenyl).7-(iram-4-hydro:Vcycloxyl- 

amino)-l-(dimethylaminocarbonyhnethyi)-3.4-dihydropyrimido-[4.5-dJ- 
pyrinudin-2(lH)-one. 

Example 44 
Compound 4-1 

This example iflustrates the preparation of 3-(2-chlorophenyi)-7-(2- 

hydroxy-l-hydroxymethyl.l-methylethylamino)-3.4-dihydropyrimidol4^dl- 
pyrimidjn-2(lH)-one. 




^ HO 

Sulfone9.1 (0.500 g. 1.21 mmol) was combined with 2-amino-2-methyl.l. 3- 
propanediol (0.253 g, 2.41 mmol). The mixture was heated to 120- 130 »C for 2 ' 
hours at which time it was cooled to room temperature. The residue was triturated 
mdidoromethane/methanoL The slurry was filtered to give the free amine of the 
tWecompound. which was then slurried in methanol. Addition of hydrochloric 
add (1.0 M/EtjO. 1.0 equwalent) gave the salt whidi dissolved in methanol The 
solution was filtered and the filtrate concentrated in vacuo to yidd a hygroscopic 
soUd whidi was triturated in ether, filtered and dried to give 0.195 g of 3-(2- 

dilorophenyl)-7-(2-hydroxy.l.hydroxymethyl-l.mediylethyiamino).3.4.dihydro- 
pyrimido[4.5-d]pyrimidin-2(lH)-one. 
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Example 45 
Compound 4-6 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-((J?,Ji)- 
2-hydroxy-l-hydroxymethylpropylanuno)-34-dihydropyrimido[43-d]-pyrm^ 
2(lH)-one. 




Sulfone 9.1 (776 mg, 1.9 mmol) was combined with (i{,J{}-3-amino-l, 1- 
butanediol (238 mg, 2.3 nmiol) and 2-medioxyeth)d ether (5 mL). The mixture was 
heated to 120^C for 3 hours, at which time it was cooled to room temperature and 
concentrated in vacuo. The residue was purified by column chromatography on 
silica gd using 97:3 dichloromethane/medianol as duant The colunm fractions 
containing product were combined and concentrated in vacuo to give an oil, which 
was re-dissolved in ethyl acetate. Addition of hydrochloric add (1.0M/Et20, 2.0 
equivalents) gave the salt which was filtered and dried to give 159 mg of the 
hydrochloride salt of 3-(2-chlorophenyl)-7-((JlJl)-2-hydroxy-l-hydroxy- 
meth)dpropylamino)-3,4-dihydropyrimido[4,5-d] -pyrimidin-2( lH)-one. 

Example 46 
Compound 4-8 

This example illustrates the preparation of 3-(2-chlorophenyl}-7-[(4- 
hydroxycydohex^amino}-3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one. 
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Siilfone9.1 (0.500 g, 1.21 mmol) was combined with a racemic mixture of 
4.aminocyclohexanol (0.70 g, 6.0 mmol; lyophilized from 50% aqueous solution 
(ICN)) in 2 mL N-methylpyrroUdinone. The mixture was heated to 120 for 1.5 
hours at which time it was cooled to room temperature. The residue was purified 
by column chromatography on siKca gel using 1-5% methanol/dichloromethane as 
eluant. The column fractions containing product were combined and concentrated 
in vacuo to give the title compound as yeUow granules which were redissolved in 
ethyl acetate. Addition of hydrochloric acid (LOM/EtjO, 1.0 equivalent) gave the 
salt which was filtered and dried to give 0.258 g of the hydrochloride salt of 3-(2- 

chlorophenyl)-7.[(4.hydroxycydohexyl-amino).3,4.dihydropyrimido[4^ 
pyrimidin-2( lH)-one. 



Example 47 
Compound 2-10 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(tetra- 
hydropyran-4-ybmino)-3,4-dihydropyrimidol4,5.d]pyrimidin-2(lH)-one. 

O 



LAH 
THF 




JL HgNOHHCI ^ 

L J pyridine/EtOH v 
O " \TH1 

^ OO " ^ H 

o 

Preparation of4-aminotetrdhydropyran 

Hydroxjrlamine hydrochloride (4.19 g, 59.9 mmol) was taken up in 13 mL 
ethanol at room temperature and the resulting slurry was washed with another 
15 mL ethanol into a solution of tetrahyropyran-4-one (5 g. 49.9 mmol) in 30 mL 
pyridine. The reaction was stirred oveniigjxt at room temperature 4en evaporated 
in vacuo to a thick pyridine-based syrup, which was poured into saturated aqueous 
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copper sulfete and extracted with ethyl acetate. The combined extracts were dried 
with sodium sulfete, evaporated in vacuOy and eluted with ethyl acetate. The filtrate 
was evaporated in vacuo to yield tetrahydropyran-4-one oxime as a greenish solid 
(5.05 g, 0.44 mmol). 

5 

A portion of the tetrahydiopytan-4-one oxime (2.8 g, 24.3 mmol) was taken 
up in 50 mL tetrahydrofuran and chilled to 0°C before slowly adding lithium 
aluminium hydride (4.6 g, 122 mmol) in portions. When the addition was 
complete^ the reaction was removed from the ice badi, stirred at reflux overnight, 
10 and then quenched with careful addition of water and 10% aqueous sodium 

hydroxide. The reaction mixture was stirred at room temperature for 1 hour before 
filtering ofif the aluminum salts and rinsing with dichloromethane. The filtrate was 
evaporated in vacuo to yield 4-aminotetrahydropyran as a dark brown liquid (1.74 
g, 0.17 mmol). 

« 

15 

Preparation of3-(2'Chlorophertyl)'7-(tetrahydrop)ran'4'yhmino)'3,4-dihydro- 
pyrimido-[4,5-d]pyrimidin'2(lHyone. 

Sulfone 9.1 (0.205 g, 0.494 mmol) in 5 mL l-meth)d-2-pyrrolidinone was 
combined with 4-aminotetrahydropyran (0.100 g, 0.988 mmol). The reaction was 

20 stirred at 100*^C for 24 hours and purified by colmnn chromatography on sihca gel 
using 3-7% methanol/dichloromethane as eluant. The column fi:actions containing 
product were combined and concentrated in vacuo to a give the title compound as a 
brown gum which was redissolved in methanol Addition of hydrochloric add 
(1.0M/£t2O> 1.0 equivalent) gave 0.026 g of the hydrochloride salt 3-(2-chloro- 

25 phenyl)-7-(tetrahydropyran-4-^aniino)-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 



Example 48 
Compound 4-14 

30 This example illustrates the preparation of 3-(2-chlorophenyl)- 

7- [ ( l-hydroxymethylcycylopentyi)amino] -3,4-dihydropyrimido [4,5-d]pyrimidin- 
2(lH)-one. 
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Sulfone 9J (500 mg. 1J2 inmol) WB combined wiih l-amino-l- 
cydopentybnethanol (550 mg. 4.8 mmol) and 1 mL l-methyl-2-pyrrolidmone. The 
mixture was heated to 120»Cfor 3 hours, at which time it was coded to room 
temperature. 3 mL Methanol was added and the suspension was stirred for 10 

minutes, filtered, and the residue was washed with methanol, dried and suspended 
in ethyl acetate. Addition of hydrochloric add (l.OM/EtzO, 2.0 equivalents) gave 
the salt which was filtered and dried to give 260 mg of hydrochloride salt of 3-(2- 

chlorophenyl)-7-[(l-hydroxymethyicycylopentyi)amino]-3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2(lH) -one. 

Compound 4-16 
This example illustrates the preparation of 3-(2-chlorophenyi)- 

7-[(l-hydroxymethyicydohex)d)amino]-3,4-dihydropyrimido[4.5-d]pyrimidin- 
2(IH)-one. 




Sulfone 9,1 (500 mg, 1.2 mmol) was combined with 1-amino-l- 
cydohexanemethanol (623 mg, 4.8 mmol) (prepared as described in /. Med. Chem., 
1966. 9(6), 911-920) and l-methyl-2-pyrrolidinone(lmL). Hie mixture was 
heated to 120"C for 3 hours at whidi time it was cooled to room temperature. 
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Methanol (3 mL) was added, the suspension was stirred for 10 minutes, filtered. 
The precipitate was washed thoroughly with methanol, dried and suspended in 
ethyl acetate. Addition of hydrochloric acid (1.0M/Et20, 2.0 equivalents) gave the 
salt which was filtered and dried to give 328 mg of the hydrochloride salt of 3-(2- 
5 cUorophenyI)-7-[(l-hydroxymethylcydohex)d)amino]-3,4-dihydropyriniido- 
[4,5-d]-pyrimidin-2( lH)-one. 

F^xan^ple SO 
Compound 2-25 

10 This example illustrates Ike preparation of 3-(2-chlorophenyl)-7-[(l- 

meth^piperidin-4-yl)meth)damino]-3,4-dihydropyrincudo[4,5-d]pyrimidin-2(lH 
one. 




I 

CH3 

Sulfone 9.1 (0.512 g, 1.2 mmol) was combined with l-methyl-4- 
15 (methylamino)piperidine (2 mL) (Aldrich Chemicals) in 0.3 mL of l-methyl-2- 
pyrrolidinone. The mixture was heated at 100 °C for 3 hours* at which time it was 
cooled to room temperature, diluted widi eth^ acetate and washed with brine. The 
organic phase was dried over sodium sul&te, filtered and evaporated The crude 
product was purified by column chromatography on silica gel using 2%-10% 
20 medianol in dichloromethane as duant, and finally 1% triethylamine/10% 
methanol in dichloromethane. The solids obtained were suspended in 5 mL 
methanol, bubbled with hydrogen chloride for 30 seconds, and the solvents were 
evaporated. The solids were then stirred in ethyl acetate and filtered to give 190 mg 
of the dichloride salt of 3 (2-chlorophen)d)-7-[(l-meth)dpiperidin-4-yl)- 
25 methylamino] -3,4-dihydropyrimido[4,5-d] -pyrinudin-2 ( lH)-one. 



wo 01/29042 



PCT/EPOO/10088 



97 



Example 51 
Compound 4-18 

This example fllustrates the preparation of 3-(2-chlorophenyi)-7.(aj-4. 
hy<iroxycydohexylaniino)-3,4-daiydropyrbudo[4^d]p)Tiniidin^ 

OH 

Sulfone 9. 1 (0.81 g, 1.95 mmol) was combined with ds-4-amino-cydohexanol 
(0.45 g, 3.9 mmol) (prepared as described in Aust. J. Chem.,l961,U, 610) in 2.0 mL 
of 1 methyi-2-pyrrolidinone. The reaction mixture was stirred at 120 "C for 
24 hours, at which time the reaction mixture was cooled to room temperature and 
filtered. The filtrate was suspended in anhydrous methanol, collected and dried 
precipitate to give 0.400 g of the title compound as a white solid (m.p. 263.7-264.6 ° 
C). White solid was disso^ed in a 10:1 chlorofi)nn/methanol and IM hydrochloric 
add in ether was added. The reaction mixture stirred for 1 hour, concentrated and 
dried in vacuo, and the residue crystallized from methanol/etiier to give 0.285 g of 
die hydrodiloride salt of 3-(2-dJoro-phenjd)-7-(ds-4-hydroxycydohexylamino)- 
3.4-dihydrop)iimido[4,5-d]pyrimidin-2(lH)-one as a white solid. 

Example 52 
Compound 2-26 

This example iUustrates the preparation of 3-(2-chlorophen)i)-7-[(i- 

carbamojdmetiiylpipcridin-4.yl)amino]-3,4-dihydropyiinudol4,5-d]pyrimidin- 
2(lH)-one. 
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Sulfone 9.1 (1.0 g, 2.41 mmol) was taken up in 5 mL ethyl 4-amino-l- 
piperidinecarboxylate (29 mmol) and stirred at 150^C. After 1 hour, the reaction 
slurry was cooled to room temperature, poured into 50 mL methanol, and filtered 
to collect a white soUd. The sohd was washed with an additional 50 mL methanol 
and dried in vacuo to yidd 0.569 g of 3-(2-chlorophenyl)-7-(l-ethox)rcarbonyl- 
piperidin-4-ylanuno)-3,4-dihydro-pyrimido[4»5-d]pyrinudin-2(lH)-one. 

3-(2-Chlorophen^)-7-(l-ethQ3cycarbonylpiperidin-4-jdamino)-3,4- 
dihydropyriniido[4,5-d]pyiimidin-2(lH)-one was taken up in 2 mL 
dicUoromethane with iodotrimethylsilane (0.94 mL, 6.60 mmol) and heated to 
60^C for 2 hours, quenched with methanol, and evaporated in vacuo. The dry 
residue was taken up again in minimum methanol, treated with sodium methoxide 
(0.5 equivalent, commercial solution of 0.5M methanol), and re-evaporated. The 
dry residue was purified by flash chromatography using 5,10% (1:9 ammonium 
hydroxide/methanol)/dichloromethane as duant. The column fractions containing 
product were combined and concentrated in vacuo to yidd 0.280 g (7.80 mmol) of 
the deaved piperidine intermediate, 3-(2-chlorophenyl)-7-(piperidin-4-ylamino)- 
3,4-dihydropyrimido [4,5-d]pyrimidin-2( lH)-one. 
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3-(2-CWorophenyl)-7-(piperidin-4-)4amino)-3,4-dihydropyrumdo^ 
pyriinidin-2(lH)-one (0.050 g, 0.139 mmol) was taken up in 1 mL NJW- 
dimethylformamide with bromoacetamide (0.029 g, 0.209 mmol) and stirred at 
room temperature for 2.5 hours, then raised to 40 "C for one hour and 80 "C 
overnight. The reaction was purified by flash chromatography using 5-40% 
medianol/dichloromethane + 1% ammonium hydroxide as eluant The column 
fractions containing product were combined and concentrated in vacuo, and die 
final product redissolved in a minimum volume of methanol. Addition of 
hydrochloric add (LOM/EtjO, 1.0 equivalent) gave the salt which was filtered and 
dried to give 0.007 g of Hoe hydrodbloride salt of 3-(2-chlorophen)d)-7-((I- 

carbamoylmethyi-pq>eridin-4-yi)amino]-3,4-dihydropyriniido[4,5-d]pyrimidin- 
2(lH)-one. 

Exan^plo 
Compound 2-27 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[l- 

(2^^-trifloroethyl)piperidin-4-yiamino]-3,4-dihydropyrinudo(4,5-d]pyrimidin- 
2(lH)-one. 
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Preparation ofl-( 2^,2'trifluoroethyl)piperidin-4'ylamine 

Piperidin-4-yl-carbamic add fat-butyl ester (commercially available from 
ASTATECH) (5 g, 24.96 mmol), 2,2,2rtrifluoroethyl trichloromethane sulfonate 
5 (7.03 g, 1 equivalent), and potassium carbonate (4.1 g, L2 eq) were taken up in 
acetone (80 mL) and heated at reflux with stirring for 17 hours. The solvent was 
removed imder reduced pressure at 40^C and ethyl acetate and water were added to 
the residue. The layers were partitioned and then separated. The organic layer was 
washed with water and brine, dried over magnesium sul&te, filtered, and 
10 concentrated to give a dark colored solid. Purification by chromatography on silica 
gd using 15% ethyl acetate in hexanes as the duant gave [l-(2,2,2-trifluoroeth^)- 
piperidin-4-yl]-carbamic add tert-butyl ester (4.45g) as an off-white powder, m.p. 
99.2-99.8*'C, (M+H)+=283. 

15 [l-(2,2,2-Trifluoroethyl)piperidin-4-yl]-carbamic add tert-hntyl ester was 

then taken up in dioxane (80 mL) and hydrogen chloride gas was bubbled through 
the solution for 10 minutes. The reaction vessd was capped tightly and stirred for 
1.5 hours. The solvent was removed under reduced pressure at 40**C. The residue 
was taken up in 42 mL of 0.5M sodium methoxide in methanol, stirred at room 

20 temperature for 3 hours, and filtered. The filtrate was concentrated, taken up in 
eth)d acetate, filtered, and concentrated to give 1.0 g of l-(2,2,2-trifluoroethyl)- 
piperidin-4-ylamine as a dark colored oil, (M+H)+=183. 

Preparation of 3-(2'dilorophenyl)'7'[ l'(2^^-trifluoroethyl)-piperidinyU4-yU 

25 amino]-3,4'dihydropyrirnido[4^'d]pyrirnidin'2(lH)-one 

Sulfone 9.1 (200 mg, 0.482 mmol), l-(2,2,2-trifluoroethyl)piperidin-4- 
^amine (263 mg, 3 equivalents) was combined with l-methyl-2-pyrolidinone(0.3 
mL), and the reaction mixture was heated with stirring at 1 lO^C for 2 hours, at 
which time it was cooled to room temperature. Purification by preparative thin 

30 layer chromatography using 60%ethyl acetate in hexanes as duant gave 12 mg of 3- 
(2-chlorophenyl)-7-[l-(2,2,2-trifluoroethyl)piperidinyl-4-ylamino]-3,4- 
dihydropyriinido[4,5-d]pyrimidin-2(lH)-one as an off-white powder. 
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Krampl* 

Compound 4-17 

This example iUustrates the preparation of 3-(2-chlorophenyI)- 

7-[(4-hydroxycydoha)dmethyi)amiao]-3,4-<miydtopyrimido[4,5-^ 
2(lH)-one. 




HO 




Sulfone 9.1 (400 mg. 0.96 mmol) was combined with 4-aminomethyl 
cydohexanol (470 mg. 3.6 mmol) andO.4 mLof l-methyi.2-pyrrolidinone. The 
mixture was heated to 120-C for 3 hours, at which time it was cooled to room 
temperature. Methanol (3 mL) was added, the suspension was stirred for 10 
minutes, filtered, and the precipitate was washed with methanol, dried and 
suspended in eUiyl acetate. Addition of hydrochloric add (LOM/EtjO. 2.0 
equivalents) gave tiie salt whidi was filtered and dried to give 198 mg of the 
hydrodjloride salt of 3-(2-dilorophenyI)-7-[(4-hydroxy-cycyiohexyimetiiyI). 
amino]-3,4-dihydropyiimido[4,5-d]pyriniidin-2(lH)-one. 

Example 55 
Compound 2-21 

This example iUustrates the preparation of 3-(2.chlorophenyl)-7-[l-(2,2.2- 

trifluoroethyI)piperidin.4.ylaniino]-3.4-dihydropyiinudo[4,5-dlpyrimidin-2('lH^ 
one. 
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BOC 
I 



Preparation of 4-arninomethyUN-(2^^'trifluoroethyl)piperidine 

A mixture of (4-bcii2yloxyrcarbonylaminomethyl) piperidine (4 g, 
16.1 xnmol), 2^2,2-trifluoroethyl trichloromethanesulfonate (5.58 g> 20 nunol), and 
5 potassium carbonate (2.67 g, 19 mmol) in 40 mL of acetone was refluxed for 17 
hours. The niixture was evaporated and treated with etli]d acetate and brine. The 
organic phase was separated, washed with brine, dried over sodium sul&te, filtered^ 
and evaporated. The crude solids were purified by column chromatography on 
silica gd using 10%-20% eth>d acetate in hexanes as duant to give 2.25 g of 4- 
10 benzyloxyaminomethyl-l-(2,2,2-trifluoroethyi)-piperidine, m.p. 93.8 - 95.1 °C 

4-Benzyloxyaminometh)d-l-(2,2,2-trifluoroeth)d)piperidine was dissolved in 
etfaanol (50 mL) and hydrogenated over 10% palladium on cazbon (0.5 g) for 10 
hours. The mixture was filtered through a pad of cdite and washed with methanol. 
15 The filtrate was evaporated to give 1.17 g of 4-aminomethyl-l-(2,2,2-trifluoro- 
ethyl)piperidine as a semi-solid. 
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Preparation of3-(2-chhrophenyiy7-ll.(2^^.tr^luaroe&iy^ 
3.4-dihydropyrimido[4.5-d]pyrimidin-2(lH)-oite. 

Sulfone 9.1 (0.389 g, 1 mmol) was combined with 4-aininomethyi-l-(2^^- 
trifluoroethyDpiperidine (0.50 g, 2.5 mmol) in 0.4mL of l-methyl-2-pyrrolidiiione. 
and was heated at 100 "C for 4 hours. The mixture was then cooled to room 
temperature, and treated with methanol, ethyl acetate, and ether. The soUds formed 
were filtered and washed with ethyl acetate. The resulting soUds (0.22 g) were 
dissohred in 5 mL methanol, and hydrogen chloride was bubbled through the 
solution for one minute. The sohrents were removed, and the residue was titurated 
with 2 mL of methanol and 40 mL of ether to give 210 mg of the dihydrochloiide 

saltof3-(2-chlorophenyi)-7-[l-(2.2.2-trifluoroethyi)piperidin-4-ykmino]-3,4. 
dihydropyrimido[4,5-d]pyrimidin-2(lH) -one. 

Example 56 
Q>inpound 2-22 
This example illustrates the preparation of 3-(2-chlorophenyl)- 

7-[(l-cyanomethylpipeTidin-4-yhnetiiyi)amino]-3.4-dihydropyiimido- 
[4.5-d]pyrimidin-2(lH) -one. 



Sulfone 9.1 




Sulfone 9.1 (2.24 g, 5.4 mmol) was combined with N-terf-butoxycarbonyl-4- 
aminomethylpiperidine (5.6 g, 16.2 mmol) and l-methyI.2-pyiTolidinone (9 ml). 
The mixture was heated to 100- 1 10 'C for 2 hours at which time it was cooled to 
room temperature and ethjd acetate was added. The resultant white solid was 
filtered and washed with ethyi acetate to give 2.3 g of 3-(2-chlorophenyI)-7-((l-rert- 
butoxycarbony-piperidin-4-yimethyl)amino].3,4.dihydropyrimido[4.5-d]- 
pyiimidin.2(lH).one (MIT = 473). Hydrogen chloride gas was bubbled into 2.1 g 
of the protected amine which was suspended in 1.4^dioxane (22 mL). and the 
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suspension stirred for 1 hour, concentrated in vacuo and dried to give the 
intermediate 3- (2-chlorophenyl)-7- [ (piperidin-4-ylmeth)d)aniino] -3,4- 
dihydropyriinido[4»5-d]pyrimidin-'2(lH)-one as a white solid. 

3-(2-ailorophenyl)-7-[(pipOTdin-4-yhnethyl)anunol-3,4-dihydro- 
pyrinudo[4,5>d]pyriaiidin-2(lH)-one (0.23 g» 0.52 mmol) was dissolved in 
N,N-dimethylfonnainide (8 mL). Anhydrous sodium carbonate (0.175 g, 1.6 
mmol) and chloroacetonitrile (0.036 mL, 0.57 mmol) were added. The mixture was 
stirred for 17 hours at room temperature, and was partitioned into ethyl acetate and 
water. The layers were separated and the aqueous layer was extracted with ethyl 
acetate. The organic layer was washed with water, dried, and concentrated in vacuoy 
and the residue was purified by chromatography on silica gel using 10% 
methanol/dichloromethane as eluant. The fractions containing product were 
concentrated in vacuo and dissolved in 40 mL of 1,4-dioxane. Hydrogen chloride 
gas was bubbled in and the mixture was concentrated in vacuo. The resultant 
residue was triturated in ether, filtered and dried to give 0.107 g of the 
hydrochloride salt of 3-(2-chlorophenyl)-7-[(l-cyanomethylpiperidin-4- 
yimethyl)aminol -3,4-dihydropyrimido [4,5-d]pyTimidin-2( lH)-one. 

Exaiqple57 
Compound 2-19 

This example illustrates the preparation of 3-(2-chlorophen^)-7-[(l- 
dimethylaminocarbonylmethylpiperidin-4-)4xnethyl)amino} -3,4-dihydropyrimido- 
[4,5-d] -pyriinidin-2( lH)-one. 



Sulfone 9.1 




3-(2-ailorophen)d)-7-((piperidin-4-yimethyl)ainino]-3,4-dihydro- 
pyrioudo[4,5-d]pyrimidin-2(lH)-one (prepared as described in Example 56) (0.3 g, 
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0.67nunol)v«sdissolvedinN.N-dimethy«brinanude(7nd,). Anhydrous sodium 
carbonate (0.26 g. 2.4 nunol) and 2-chloro-N J^^ethylacetamide (0.098 g 0 81 
mmol) were added. The mbcture^ stirred for 17 hours at room temperature 
Thereactionmixturewaspartitionedintoethylacetateandwater. TTiekyerswere 
separated and the aqueous layer was extracted with ethyl acetate, and 10% 
isopropanol/ chloroform. The organic layers were washed with saturated sodium 
chloride solution and then dried over anhydrous sodium sulfate. After evaporation 
i« vacuo, the white solid was dissohred in 50% methanol/U-dichloroethane 
Hydrogen chloride gas was bubbled in. and the solution was evaporated in yacuo 

The resuWng residue was tritunited m ether, filtered and dried to give 0. 1 82 g of the 

hydrocUoridesaltof3-{2.chlorophenyi)-7-[(l-dimethyl-aminocarbonyhnetbyl- 

piperidm-4-yhnethyi)aminoJ.3.4-dihydropyrimido[4.5-d]pyrimidin-2(l^ 

Example 58 
Compound 2-23 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(l- 

aminocarbonyimethyipiperidin-4-yhnethyI)amino]0.4-dihydro-pyrimidof45-^^ 
pyriniidin-2(lH)-one. 

CI 

Sulfone 9.1 ^ IJ^Y^N-^ N^V^N' 




3-(2.Chlorophenyi).7-[(piperidin-4-yhnethyl)ammo]-3.4-dihydropyrimido- 
[4.5-d]pyrimidin-2(lH).one (prepared as described in Example 56) (0 3 g 
0.67 mmol) was dissolved in N.N-dimethyifonnamide (7 mL). Anhydrom sodium 
carbonate (0.26 g. 2.4 mmol) and 2-bromoacetamide (0.111 g. 0.81 mmol) were 
added. Themixturewasstirredforl7hoursatroomtemperature. Thereaction 

nuxturewaspartitioned into ethyl acetite and water. Thelayers were separated and 
the aqueous layer was extracted with ethyl acetate and 10% isopropanoVchloro- 

fonn. Thecombinedorganiclayerswerewashedwithsaturatedsodiumchloride 
solution and then dried over anhydrous sodiumsulfete. After evaporation in vacuo 
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the white solid was suspended in 1,4-dioxane. Hydrogen chloride gas was bubbled 
in, and the solution was evaporated in vacuo. The resulting residue was triturated in 
ether, filtered and dried to give 0.185 g of the hydrochloride salt of 3-(2- 
cUorophenyl)-7-[(l-aminocarbonylniethylpiperidin-4-ylmethyl)anuno]-3,4- 
dihydropyriinido[4,5-d]pyriinidin-2( lH)-one- 

Example 59 
Compound 2-24 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-[(l- 
hydroxycarbonylmeth^piperidin-4-^meth^)amino] -3>4-dihydropyrimido [4,5-d] - 
pyrimidin-2( lH)-one. 



Sulfone 9.1 




3-(2-CUorophenyi)-7-[(piperidin-4-]dmethyl)amino]-3»4-diihydropyrii^ 
[4,5-d]pyrimidin-2(lH)-one (prepared as described in Example 56) (0.3 g, 
0.67 mol) was dissolved in N,N-dimethylformamide (7 mL). Anhydrous sodium 
carbonate (0^6 g, 2.4 mmol) and tert-hixtyl 2-bromoacetate (0.12 mL, 0.81 mmol) 
were added The mixture was stirred for 17 hours at room temperature. The 
reaction mixture was partitioned into ethyl acetate and water. The layers were 
separated and the aqueous layer was extracted with ethyl acetate and 10% 
isopropanol/chloroform. The combined organic layers were washed with saturated 
sodium chloride solution and then dried over anhydrous sodium sul&te. After 
evaporation in vacuo, the combined white solids were suspended in 1,4-dioxane. 
Hydrogen chloride gas was bubbled in» and the solution was stirred for 10 hours at 
room temperature and evaporated in vacuo. The resulting residue was triturated in 
ether, filtered and dried to give 0. 195 g of the hydrochloride salt of 3-(2- 
chlorophenyl)-7-[(l-hydroxycarbonyl-methylpiperidin-4-ylmeth)d)amino]-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. 
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RTanipI«» An 

Coixq>ound3-29 

This example iUustrates the preparation of 3-(2-chlorophenyI).7-(mms^- 

hydroxycydohexyIaniino).l.(2.methyithiocthyI).3,4-dihydropyrimido 
d]pyriimdin-2( lH)-one. 



Sulfone 9.1 o n^V^n"^ ^ '^''^Ir^'}''^ 




CH3 OH ^ 



Sulfone 9.1 (500 mg, Ul mmol) was taken up in 2 mL tetrahydrofuran with 
l-(2-methyithio)ethanol (0.16 mL, 1.81 nunpl). triphenyiphosphine (474 mg, 
1.81 mmol), and DEAD (0.28 mL, 1.81 mmol). and stirred at room temperatwe for 
2 days. The crude product. 3-(2-cUoiophenyl)-7-benzyIsuIfonyi-l-(2-methyi- 
thioethyl)-3,4-dihydropyrimido[4,5-dJpyrimidin-2(lH)-one, was evaporated in 
vacuo and used without further purification. 



The crude 3-(2-chlorophenyl)-7-benzyi$ulfonyi-l-(2-methylthioethyl)-3,4- 
dihydropyrimidol4.5.dJpyrimidin-2(lH)-one was taken up in 2 mL diglyme widi 
fr«ns-4-aminocyclohcxanol (139 mg, 121 mmol) and stirred at 120»C for 4 hours. 
The mixture was purified by chromatography on siUca gd using 2.5-4.5% 
methanol/dichloromethane as duant to provide the tide compound (226 mg, 
0.511 mmol). The purified product was taken up in ethyl acetate and treated with 
1 equivalent HO/EtjO to precipitate the hydroddoride salt of 3.(2.dik>rophenyl)- 
7-(<rans-4-hydroxycydohexylamino)-l-(2-methyithioethyl)-3,4- 
dihydiopyrimido[4,5-d]-pyrimidin-2(lH)-one. 
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Example 61 
Compound 3-31 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(fcrans- 
4-hydroxyq^dohexylamino)-l-(3-dimeth)iamino-2,2-dimethyIpropyl)-3,4- 
dihydropyrimido- [4,5-d]pyrimidin-2( lH)-one. 




Sulfone9.1 ^ O.-gAj^Jk^AQ ^ N-^N^N-^O 

K Q K 



Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with 
10 3-dimethylamino-2,2-dimethyl-l-propanol (0.28 mL, 1,81 mmol), triphenyl- 

phosphine (474 mg, 1.81 mmol), and DEAD (0.28 mL, 1.81 mmol), and stirred at 
room temperature overnight. The mixture was semipurified by chromatography on 
silica gd with 3-15% methanol/dichloromethane as duant, to provide >1 g mixture 
of3-(2-cUorophcnyl)-7-ben2yisulfonyl-l-(3-dimeth)damino-2,2-dimethylpropyl)- 
15 3,4-dihydropyrunido[4,5-d]*pyrimidin-2(lH)-one and residual triphenyl-. 
phosphine oxide. 

3-(2-CUorophen^)-7-benzylsulfon^-l-(3-dimethylamino-2,2-dimeth^- 
propyi)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one was taken up in 3 mL 

20 di^yme with tran5-4-aminocydohexanol ( 139 mg, 1.21 nmiol) and stirred at 120^C 
for 4 hours. The mixture was purified by chromatography on silica gd using 4-25% 
methanol/dichloro-methane as duant to provide the title compound (52 mg, 
0.107 mmol). The purified product was taken up in ethyl acetate and treated with 
1 equivalent HCl/Et20 to predpitate the hydrochloride salt of 3-(2-chlorophenyl)- 

25 7-(tram-4-hydroxycydohexyl-amino)-l-(3-dimethylamino-2,2-dimethylpropyl)- 
3,4-dihydropyrimido[4,5-d]pyTimidin-2( lH)-one. 
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Example 62 
Compound 3-36 

This example illustrates the preparation of 3-(2-chlorophenii)-7-(fr£irts- 
4-hydroxycydohexylamino)-l-(l.niethylpipeiidin-4-yl)-3,4-dihy^^ 
d] -pyrimidin-2( lH)-one. 



Sulfone 9.1 




A mixture of sulfone 9J (1.0 g, 2.4 mmol), diphenyl-2-pyridylphosphine 
(1.9 g, 7.23 mmol) and 4-h7droxy-l-meth)4piperidine (0.555 g, 4.8 mmol) was 
dissolved in anhydrous tetrahydrofuran under an atmosphere of nitrogen. To Ais 
solution was added di-tJ5it-butylazodicarbox)iate (1.67 g, 7.23 mmol) and 4e 
resulting mixture was stirred at room temperature for 2 hours* then concentrated in 
vacuo. The residue was purified by column chromatography on silica gd using 9:1 
dichloromethane/methanol as eluant The column fractions containing product 
were combined and concentrated in vacuo to give 354mg of 7-benzyisulfonyl-3-(2- 
chlorophenyl)- 1- ( l-methyipiperidin-4-yl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin- 
2(lH)-one. 

7-Benzyisulfonjd-3-(2-chlorophenyl)-l-(l-methylpiperidin-4-yi)-3>4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (354 mg, 0.69 mmol) was combined 
with tran5-4-aminocyclohexanol (160 mg, 1.38 mmol) and ImL l-methyl-2- 
pyrrolidinone. The mixture was heated to 1 l(fC for 1 hour at which time it was 
cooled to room temperature. The residue was purified by column chromatography 
on silica gd using 9:1:0.5 dichloromethane/ methanol/diisopropylamine as duant 
The column fractions containing product were combined, concentrated in vacuo 
and suspended in ethyl acetate. Addition of hydrochloric acid (l.OM/EtaO, 1.0 



wo 01/29042 



PCT/EPOO/10088 



110 

equivalents) gave the salt which was filtered and dried to give 135mg of the 
hydrochloride salt of 3-(2-chlorophen7l)-7-(tran5-4-hydroxycyclohexylamino)-l- 
( 1 -methylpiperidiii-4-yl)-3,4-dihydropyrinudo [4,5-d] -pyrimidin-2( lH)-one. 

Example 63 
Q>mpound4-4 

This example illustrates the preparation of (jR^R)-7-(23-dihydrox7-l- 
methylpropylainino)-3-ortho-tol^-3>4-dihydropyrinudo[4,5-d]pyriimdi^ 
one. 




Preparation of {R,R)-3'aminobutane-l,2-dioL 

3-Aminobutane-l,2-diol was similarly prepared as described in Tetrahedron: 
Asymmetry, 1995, 6(9), 2329-2342. Briefly, to a solution of (2S,3S)-tram-3- 
methyIoxirane-2-meth)d-4-nitrobenzoate (10.0 g, 42.2 mmol) (Fluka) in 
dichloromethane (150 mL) under argon, was combined with titanium isopropoxide 
(25 mL, 84.3 nunol), and stirred for 10 minutes at room temperature. 
Aminodiphenyl-methane (14.5 mL, 84.4 mmol) was added, and the reaction was 
stirred at room temperature overnight A solution of 10% sodium hydroxide in 
saturated brine was added and the suspension was stirred for 2 hours. The mixture 
was filtered and esctracted with 0.2M hydrochloric add. The acidic layers were 
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extrartedwithdichloromethaneanddiscaidei The addic layer was baafied with 
sodium hydroxide peBets until pH 9. and then extracted into dichloromethane. The 
layers were separated, and the organic layer was dried over magnesium sulfite, and 
concentrated in vacuo to give an oil that was purified by flash column 
chromatography using 2:1 to 1:1 hexanes:ethyi acetate and 2:1 ethyl acetateiexane 
as eluants to give 2.6g of (J?,l?)-3-(benzhydrylamino)butane-l,2-dioL 



To a degassed solution of (J?,l?).3-(ben2hydryiamino)butane-U-diol (2.6 g, 
9.59 mmol) in methanol (20 mL) was added palladium hydroxide on carbon 
(260 mg). The reaction was evacuated and charged three times with hydrogen and 
then charged with hydrogen at 50 psi and shaken on the hydrogenator overnight at 
room temperature. Hie reaction mixture was filtered and concentrated to give 922 
mg of ( WS-aminobutane-U-diol as an oil. which was washed with hexane and 
then dried in vacuo, 

^^<^rationof{R^).7.(2,3-dihydroxy.l.metkylpropy^ 
dihydropyrimido[4.5-d]pyrimidin-2(lH)-one. 

Sulfone 92 (622 mg. 1.58 mmol) was combined with (;?.l?)-3-amino-butanc- 
U-diol (250 mg. 1.9 mmol) in U-dimethoxyethane (1 mL) was heated at lOO-C 
for2homsunderaigon. The reaction was cooled to room temperature and diluted 
with 9:1 dichloromethane/medumol and placed directly on a flash silica column 
using 96:4 dichloromethane/methanol and 9:1 dichloromethane/methanol as duant 
to give 120 mg of a colorless oil. which was dissolved in ethyl acetate (10 mL) and 
treated with 1 equivalent ofhydrochloric add (1.0M in ether). The predpitate was 
collected by vacuum filtration, washed with ethyl acetate and dried in vacuo to give 
118 mg of (J«.J?)-7-(23-dihydroxy-l-niethyipropyIamino)-3-ortfti>-tol)d-3.4- 
dihydropyrimido[4.5-d]pyrimidin-2(lH)-one as a white solid. 
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Example 64 

3-f2-chlorophenyD"7-meth^thio-3,4'dihydropyrimidof4>5"dlp^ 

one 




5 64,1 Preparation of 5-(2'Chhrophenyl)arninornethyU4-arnino^2' 

methylthiopyrimidine 




A mixture of 4-amino-2-meth)dtWopyrimidine-5-carboxaldehyde (9.5 g, 
56.1 mmol), 2-chloroaniline (6.7 mL, 63.7 mmol) and 4-toluene-sulfonic acid 
10 monohydrate (0.85 g, 4.5 mmol) in 350 mL of xylene was heated under reflux vdtfa 

azeotropic removal of water for 6 hours. The mixture was cooled to 25^C and the 
precipitate was collected by vacuum filtration and was washed with hexanes and air 
dried. This solid was then dissolved in 300 mL tetrahydrofuran. and the reaction 
cooled to O^C Lithium aluminium hydride (23 g, 60.6 nunol) was added in small 

15 portions over 45 minutes. Once the addition was complete, the mixture was stirred 
for a further 15 minutes and carefully treated sequentially with 4.5 mL water, 4.5 
mL of 15% aqueous sodium hydroxide and then 20 mL of water. The mixture was 
stirred for 30 minutes, filtered through celite, and the filtrate concentrated in vacuo. 
The solid was purified with column chromatography on silica gel using 25% 

20 acetone/hexane. The fi-actions containing product were concentrated under 

reduced pressure to a soKd which was recrystaDized from ethyl to give 7.0 g of 5-(2- 
cUorophenyl)amino-meth)d-4-amino-2-methylthiopyrinudine as a white solid. 
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64.2 Preparation of 3-(2-Morophet,yl).7-meaiymo.3.4-dihydr^ 
l4.5-dJpynmidin-2(lH). -one 



N 




H 

Suifide10.1 

To a stirred solution, cooled to QOC. of 5-(2-chIorophenyi) ainiiion,ethyl-4- . 
amino-2-methyIthiopyriimdine (7.0 g. 24.9 mmol) in 200 mL of tetrahydrofuran 
was added triethyiamine (10 mL, 71.7 mmol). This solution was then treated ' 
dropwisewithasolutionofphosgene (142 mL of 20% solution in toluene, 
27.2 mmol). After sturing for 2 hours, an additional 5.0 mL of triethyiamine (35.9 
nmiol) was added followed by phosgene (6.5 mL of 20% solution in toluene; 
12.5 mmol). After stirring for an additional 2 hours, additional triethyiamine (2 
mL, 14.3 mmol) was added followed byphosgene (3 mL of 20% solution in toluene; 
5.8 mmol). The reaction was stirred for one additional hour then warmed to room 
temperature, poured onto a heterogeneous solution of 75 mL water and 150 mL 
ethyl acetate. The mixture was then filtered and the phases separated. The aqueous 
phase was re-extracted twice with 150 mL ethyl acetate. Tte combined ethyl acetate 
extracts were concentrated under reduced pressure. The residue was stirred with 
ethyl acetate. The product was then coflected by vacuum filtration and dried in 
vacuo to give 3.2 g of 3.(2-chlorophenyI)-7-methyltfaio-3,4-dihydropyrimido[4,5- 
dJpyrimidin-2(IH).one (sulfide 10.1)as a wWte soUd. 
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Example 65 
An Alternative preparation of 
3- ( 2*chlorophenvl)"7-metfayithio-3.4-dihydropyrimido> F4.5>d1pyriniidin-2f IHV 
one 

65. J Preparation of ethyl 4''amim'2'methylthiopyrimidine-'5-carboxylate 




A solution of ethyl 4-chloro-2-methyithiopyriniidine-5-carboxylate (1450 g, 
6.23 mole) (Aldrich Chemical G>., Milwaukee, Wisconsin, USA) in 2987 mL of 
tetrahydrofiiran was cooled to 5-10^ C and treated slowly with a mixture of 
2407 mL of a 37% solution of ammonium hydroxide in 2978 znL trieth^amine. 
After stirring for 16 hours, the reaction mixture was concentrated in vacuo to 
approximately 5L and filtered. The filter cake was washed with hexanes and dried 

in a vacuum oven at 60-65^0 The filtrate was evaporated under reduced pressure 
to give 1314 g (94%) of eth^ 4-amino-2-meth^thio-pyrimidine-5-carboxylate as a 
white soUd. m.p. 130.1-130.7^C 

65,2 Preparation of ethyl 4-{[(2'chlorophenyl)amino]carbonylamino}'2* 
meihylthiopyrimidine-5-carboxylate 




To a suspension of ethyl 4-amino-2-methylthiopyrimidine-5-carbQx^ate 
(1215g, 5.7 moles) in 2600 mL xylenes heated at 100-105 was added (956.5g, 
6.23 moles) 2-chlorophenylisocyanate so as to maintain the temperature at --'lOO^C. 
The temperature of the reaction mixture was raised to 120 °C and stirred for 14 
hours. Heating was stopped and slow cooling to 110 °C was begun. When 
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crystallization began, slow addition of 5256 mL ethyl acetate completed the 
crystallization. The mixture was cooled to 20**C and ffltere A The cake was washed 
with ethyl acetate and was placed in a vacuum oven and dried for 10-12 hours at 60** 
to SO^'C to give 1895g (90.7%)of ethyl 4.{[(2-chlorophenyl)aminol- 
carbon]damino}-2-methyIthiopyrimidine-5-carboxylate, m.p.172.3-172.6 

65.3 Preparation of[ (2-chbrophenyl)amino]'N'[5'(hydrojgmethyl)'2' 
methylthiO'pyrimidin-4-yl]carboxamide 
O 



To a stirred suspension of ethjd 4-{[(2-chlorophenyl)aniino]carbonylamino}- 
2-methylthiopyrimidine-5-carboxylate (1,000 g, 2.73 mole) in 4.7 L anhydrous 
tetrahydrofiuan, at -25"C under nitrogen, was added a 1.0 M solution of lithium 
alummium hydride in tctrahydrofuran (2.730 mL, 3.19 mole) over a 3 hour period. 
The resulting ydlow homogeneous solution was held at -25**C for an additional 
45 minutes, then allowed to warm to 0**C over the next 90 minutes. HPLC analysis 
showed absence of starting ester. The solution was flien quenched into a stirred 1.0 
M Rochelle's salt solution (8.0 L) and extracted with ethjd acetate. The pooled 
extracts, containing suspended insoluble yellow product, were concentrated and 
filtered. The yellow soUd was' washed with hexanes then dried in vacuo at 60**C to 
give 69.3% (617 g) of [(2-chlorophenyl)amino]-N-[5-(hydroxymethyl)-2- 
meth)dthiopyrimidin-4-)d]-carboxamide as yellow crystals; m.p. 182.5**C to 182.9°C. 
This run was repeated on 1,168 g substrate to give 717.8 g of the title compound. 
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65.4 Preparation of [(2'Chlorophmyl)amino]'N'[5-(bromomethyl)'2' 
methylthio'pyrimidiri'^yljcarboxamide 




[(2-CUorophenyl)ainino]-N-[5-(hydroxymeth)d)-2-meth)dthiopyrim 
5 4-yl] carboxamide (1363 g) was mixed with 8L of tetrahydrofuran and mechanical 
> stirring b^n under nitrogen. Then phosphorus tribromide (135 mL) in 800 mL 
tetrahydrofuran were added to the mixture over 15 minutes. Stirring was continued 
for 4 hours, at which time the reaction was stopped and filtered. The filter cake was 
washed once with tetrahydrofuran and dried ovemi^t at 55^C in vacuum oven to 
10 give 1360 g (71%) of [(2-chlorophenyl)aniino]-N-[5-(bromomethyl)-2- 
methylthiopyrimidin-4-yI]caiboxaxnide (M+1 377). 

65.5 Preparation of 3-(2'Chlorophei^l)-7'methylthiO'3,4' 
dihydropyrimido[ 4,5-d]'pyrimidin-2(lH)'0ne 




Sulfide 10.1 



To a suspension of [(2-chIorophen^)amino]-N*[5-(bromometh)4)- 
2-meth)H[lhiopyrimidin*4-yl]carboxainide (1360g, 3.62 mole) of in 10 L l-meth]^-2- 
pyrrolidinone was added 136 mL hexamethyldisflazane. The mixture was heated to 
an internal temperature of 105-115 for 1.5 hours. The mixture was then cooled 
20 to 30 and treated with 20L water. The mixture was then stirred at 5-8 for 2 
hours and filtered. The filters were collected and washed sequentially with water 
and hexanes. The product was placed in a drying oven and heated under vacuum 
for 16 hours to give 780 g (70.1%) of 3-(2-chlorophenyl)-7-meth^thio-3,4- 
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dihydropyriniido(4^^]pyriniidm-2(lH)-bne (sulfide 10.1) as an ofif-white solid. 
(M+1 308) 

A related compound, 7-niethylthio-3-ortAo.toIyl.3,4-dihydropyrimido- 
[4,5-dJpyriinidin-2(lH)-one (sulfide 10.2) (M+l=287) was prepared using ortho- 
tolyl isocyanate in place of 2.chlorophen>d isocyanate in step 65.2 above. 

' H 

Sulfide 104! 

3-(2sja9TOphenvlV7-m<^hvlsiilfonvl-^.4.^ 3ivdmp vrin,i^n f43-^1p ^n,.M;„. 

H A 

Sulfonell.1 

A suspension of 3-(2-cWorophenyi)-7-methyIthio-3,4-diliydropyrimido- 
[43-d]pyiimidin-2(lH)-one (4.1 g, 12.8 mmol) in 50 mL of chlorofonn was cooled 
in ice and treated with 70% 3-chloioperbenzoic add (9.8 g, 39.8 mmol). The 
mixture was stirred at room temperature for 2 hours, then treated twice with 
100 mL of 10% aqueous sodium thiosulfete and left to stir for 30 minutes. The 
reaction was diluted with 400 mL dichloromethane and the phases were separated. 
The organic phase was washed with a saturated aqueous solution of sodium 
bicarbonate and then dried over magnesium sulfete and filtered. Concentration of 
the filtrate under reduced pressure gave a soUd which was stirred with ethyl acetate. 
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then filtered to give 2.6 g of 3-(2-chloro-phenyl)-7-inethylsiilfon)i-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (sidfone 11.1) as a white solid. (MH* 
= 364) 

Example 67 
Q>nipound 4-19 

This example illustrates the preparation of 3-(2-chIorophen)d)-7-(4- 
hydrox)nnethylcydohex^amino)-3>4-dihydropyrimido[4,5-d]pyrimidin-2(lH 
one. 




Sulfone ILl (350 mg, 1.04 mmol) was combined with 4*amino- 
cyclohexylmethanol (Irlds/trans) (400 mg, 3.3 mmol) (prepared as described in 
ChenuBer,; GE; 96; 1963; 2377-2386) with 0.3 mL of l-meth)4-2-pyrroIidinone. 
The mixture was heated at 100° for 2 hours at which time it was cooled to room 
temperature. The reaction mixture was added to water and extracted with eth^ 
acetate, washed with water>dried» and concentrated in vacuo. The residue was 
purified by column chromatography on silica gd using 10:90 methanol/dichloro- 
methane as eluant. The column fractions containing the product were concentrated 
to a foam which was resuspended in methanol. Addition of hydrochloric add 
(I.0M/Et2O> 1.0 equivalent) gave a salt which was filtered to give the hydrochloride 
salt of 3-(2-chlorophenyl)-7-(4-hydroxymeth)dcydohexyiamino)-3,4- 
dihydropyriniido(4,5-d]pyrimidin-2( lH)-one, 
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E3Bmple l ^ff 
Compound 2-28 

This example iUustrates the preparation of 3-(2-chlorophenyI).7.(l- 
ethoxycarbonylpiperidin^4-yIamino)-3,4.^^^ 
2(lH)-one. 

^'N^^ CI 



H 



6 * 



Sulfone 11.1 (13 g, 3.75 mmol) was taken up in ethyl 4-ainino-l- 
piperidinecarixMqdate (3.7 mL, 21 mmol) and heated to 120 "C, at which 
temperature the initial suspension fully dissohred, then repredpitated into 
suspension 10 minutes later. Ihis secondary suspension was heated at 150»C for 1 
hour, then cooled to room temperature and poured into water to form a gummy 
mass. WhenstirxedwithSOmLether.thegumproducedasmaUquantityofwhite 

sohd. which was set aside. The remaining gum was treated withlO-15mL methanol 
to form a white soUd. The combined white solids totalled 0.685 g (1.59 mmol), of 

which 30 mg were submitted as the free base. 



pie 69 
Compound 4-25 

This example fflustrates the preparation of 7-(mim-4-aminocycIohexyl- 
amino)-3-(2-chlorophenyl)-3.4-dihydropyrimido[4,5.d]pyiimidin.2(lH)-one. 
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O O I 
H 




Sulfone 11.1 (196 mg, 0.579 mmol) and 0.36 g (3.2 mmol) of tram-1,4- . 
diaminocyclohexane were dissolved in 5 mL of l-inethyl-2-pyrrolidinone. The 
reaction mixture was stirred at 80 °C for 3 hours, cooled, then 30 mL of ethyl 
5 acetate and 30 mL of water were added. The organic layer was separated and the 
aqueous layer was re-extracted with 30 mL of dichloromethane. The combined 
organic layers were concentrated in vacuo and the crude liquid formed a white 
precipitate upon standing. The solids were filtered and washed with ethyl acetate to 
give 28 mg (13%) of the title compound as a white powder, m.p. >300 *»C. The 
10 product was taken up in ethyl acetate and treated with HCl/£t20 to form the 

hydrochloride salt of 7-(tram-4-aminocyclohexyiamino)-3-(2-chlorophenyl)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Example 70 

15 Compound 4-26 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[trflns-4- 
(N,N-dimethyisulfmioylainido)cydohexylamino] -3,4-dihydropyrimido 
d]pyrimidin-2( lH)-one. 

^^N^ ^*Y^ 



CHj T CHj- 

20 To a solution of 7-(frflns-4-aminocyclohex)damino)-3-(2-chlorophenyl)-l- 

[2-(trimethyUilyl)ethoxjTOethyI]-3,4-dihydropyrimido[4,5-d]pyriniidin-2(lH 
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(318 mg, 0.632 mmol) (prepared as described in Example 87) in 20 mL of 
dichloromethane were added triethylaraine (0.10 mL, 0.72 mmol) and a solution of 
dimethylsufamoyl chloride (0.12 g, 0.84 mmol) in 5 mL of dichloromethane. The 
reaction mixture was refluxed for 18 hours, Pooled, then concentrated in vacuo. 
Purification by chromatography using 5% methanoV dichloromethane as eluant 
gave 271 mg (70%) of3-(2-chlorophenyl)-7-[trans-4-(N;j/-dimethylsulfiunoyl- 
aniido)cydohex}damino]-l-[2-(trimeth)dsil5i)ethoxymethj4]-3,4-dihydro- 
pyrimido[4.5-dJpyrimidin-2(lH)-one as a white foam. (MH* = 610, 
m.p. 106.5-110.0 »C) 

The 3-(2-chlorophenyl)-7-[trans-4-(N,iV-dimethylsulfemoylamido)- 
cydohexylamino] - 1 - [2-(trimethylsilyl)ethoxymethyI]-3,4-dihydropyrimido[4,5. 
d]pyrimidin-2(lH)-one (250 mg. 0.410 mmol) was dissolved in 10 mL of methanol 
and treated with 10 mL of 10% aqueous hydrochloric add. The reaction mixture 
was stirred at 50 °C and monitored by TLC (5% methanol/dichloromethane). The 
reaction temperature was raised to 85 "C for 3 hours, and the reaction mixture was 
concentrated in vacuo. The resulting suspension was filtered to give a white solid, 
whidi was washed with ethyl acetate to give 125 mg (59 %) of the hydrodiloride salt 
of3-(2-cWorophen)d)-7-(trflns-4-(2\UV-dimethjd-sulfemoylamido)cydohex)d- 
amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a white powder. 

Example 71 

Compound 4-24 

This example illustrates the preparation of 3-(2-chlorophen)d)- 

7- ( 1.4-dioxaspiro(4.5]dec-8-ylamino)-3,4-dihydTopyrimido [4,5-dJpyrimidin- 
2(lH)-one. 
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Sulfone 11.1 (4.6 g, 13 mmol) was combined with l>4-dioxaspiro[4.5]dec-8- 
ylamine (4.2 g, 27 mmol) (prepared as described in Example 8) in 40 mL 1-methyl- 

2- pyrrolidinone. The reaction mixture was heated to 100 °C overnight, at which 
time it was cooled to room temperature, diluted with ethyl acetate and water, and 
filtered to give an off-white solid. IM hydrochloric add in diethyl ether was added 
to a slurry of the product (0.12 g, 0.29 mmol) in methanol, and the resulting 
solution was concentrated in vacuo. The residue was taken up in methanol/ 
dichloromethane and purified by flash chromatography on silica gel using 2% 
methanol/dichloromethane as duant to give the pure tide compound as the free 
base. IM Hydrochloric add in diethyl ether was added to a slurry of the product in 
methanol. The resulting solution was concentrated under a stream of nitrogen, 
then pumped under reduced pressure to give 80 mg of the hydrochloride salt of the 

3- (2-chlorophenyl)-7-(l,4-dioxaspiro[4.5]dec-8-ylamino)-3,4-dihydropyrimido- 
[4,5-d]-pyrimidin-2(lH)-one as a yellow solid. 

Example 72 
Compound 4-23 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(4-oxo- 
cyclohex}damino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 
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N N N^O 
H 



A mixture of 3-(2-chlorophenyl)-7-(l,4-dioxaspiro[4.5]dcc-8-ylanuno)-3.4- 
dihydropyriinido(4.5-d]pyrimidin-2(lH)-one (0.17 g. 0.41 mmol) (prepared as 
described Example 71) in 1:1 tetrahydrofiuan/BN aqueous hydrochloric add was 
5 stirred at room temperature overnight. The reaction mixture was then diluted with 
ethyl acetate and treated with saturated aqueous sodium bicarbonate. The layers 
were sqwrated, and the aqueous layer extracted with ethyl acetate. The organic 
layer was washed with brine, dried with sodium sul&te, and concentrated under 
reduced pressure. The residue was dissolved in methanol and purified by flash 
10 <^oniatography on silica gel using 2% ammonium hydroxide in 35% 

acetone/hexane as eluant The fractions contaimng product were combmed and 
concentrated under reduced pressure to a white soUd which was suspended in 
methanol. Addition of IM hydrochloric add in diethyl ether gave the salt which 
was concentrated and pumped under reduced pressure to give 80 mg of the pure 
hydrochloride salt of 3-(2-dJorophenyl)-7-(4-oxo-cydohexyIamino)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one as a yeUow foam. 
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Example 73 
G>mpound 4-2 

This example illustrates the alternative preparations of 3-(2-chlorophenyl)- 
7- ( tram-4-hydroxyqrclohexylamino)-3,4-ciihydropyrimido [4,5-d]pyrimidin- 
2(lH)-one. 



73. J Preparation 




Sulfone 11.1 (0.400 g, 1.18 mmol) was combined with irans-4-amino- 
. cyclohexanol (0.272 g, 2.36 mmol) and 2-methoxyethyl ether (0.4 mL). The 
mixture was heated to 100-105 °C for 1 hour at which time it was cooled to room 
temperature and concentrated in vacuo. The residue was purified by colunm 
chromatography on silica gel using 9:1 dichloromethane/methanoL The column 
fractions containing product were combined and concentrated in vacuo to an oil 
which was re-dissolved in ethyl acetate and methanol. Addition of hydrochloric 
acid ( LOM/EtaO, 1.0 equivalent) gave the salt which dissolved in the solvents. The 
solution was concentrated in vacuo to a solid which was triturated in ether, filtered 
and dried to give 0.220 g of 3-(2-clilorophenyl)-7-(tran5-4-hydroxycyclohexyl- 
amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 
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■ H 
Sulfide 10.1 
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CI 



I 

H 



CI 



0 ' 



A solution of sulfide 10.1 (700 g) in l-methyl-2-pyrroUdinone (3000 mL) was 
combined with iV-chlorosuccinimide (350 g) in SGOmL l-methyl-2-pynolidinone 
and 40g water, and the mixture was stirred for 1.5 hours at 25 "C. To this solution 
was added frflm-4-aimnocydohexanol (865g). The mixture was heated to 60 "C for 
12-26 hours, cooled to 20-25 °C and treated with 10500 mL water. This mixture 
was cooled to 5-8 °C and stirred for 2 hours. The soHd was coUected by filtration, 
washed with water, hexanes and dried at 65 "C in a vacuum oven to provide 3-(2- 

chlorophenyl)-7-(lram-4-hydroxycyclohexlamino)-3,4-dihydropyTimido(4,5- 
d]pyrimidin-2( lH)-one. The hydrochloride salt is formed by the action of 
ethanolic hydrochloric acid/water on the free base. 

Example 74 
Compound 4-5 

This example illustrates an alternative preparation of 7-(trans-4-hydroxy- 
cydohexylamino)-3-<wtfco-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. 



H3C^ 

' H 
Suifideia2 



H3C 
H 



/ 



OH 



A solution of sulfide 10.2 (2 g) in 4 mL l-methyi-2-pyrroUdinone was 
combined with N-chlorosucdnimide (1.03 g) in 4 mL l-meth)d-2-pytTolidini 



one 
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and 0.125 g water> and the mixture was stirred for 1.5 hours at 25 ^C. To this 
solution was added trans-4*aininoc)rdohexanol (2.65g). The mixture was heated to 
60 **C for 48 hours* cooled to 20-25 ®C and treated with 10 mL water. This mixture 
was cooled to 5°C and stirred for 2 hours. The solid was collected by filtration, 
washed with water, hexanes and dried in vacuo. The solid was purified by flash 
column chromatography using 95/5 - 90/10 dichloromethane/methanol as eluant 
to give 614 mg of 7-(rram-4-hydroxycyclohexylamino)-3-ortho-tolyl-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one. The resulting solid was converted to 
the hydrochloride salt by the action of ethereal hydrochloric acid/ethyl acetate on 
the free base. 

Example 75 
Compound 4-15 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-(tra7i5- 
4-formyloxycydohexylanuno)-3,4-dihydropyriniido[4,5-d]pyrimidin-2(lH)-one. 



Sulf one 11.1 




A mixture of 3-(2-chlorophenyl)-7-(tran5-4-hydroxycyciohexylamino)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (300mg, 0.8 mal) (prepared as 
described in Example 73) and 96% formic acid (2 mL) was stirred at 60 ''C for 3 
hours, then concentrated under reduced pressure. The residue was triturated in 
ether, filtered and dried to give 250 mg of 3-{2-chlorophenyl)-7-(trfln5-4- 
formyloxycydohexydaniino)-3,4-dihydropyrimido[4,5-d]-pyrinudin-2(lH)-one. 
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Example 76 

Compound 4-13 

This example iUustrates the preparation of 7-(rrans-4-acetyloxy- 

c)rdohexylamino)0-(2-chlorophenyl)0,4-dihychopyriniido[4,5-d]py^ 
2(lH)-one. 



Sulfonell.1 




A suspension of 3-(2-chlorophen)4)-7-(miii5-4-hydroxycydohexylamino)- 
3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH).one (400 mg, 1.07 mmol) (prepared 
as described in Example 73), acetic anhydride (0.3 mL, 3.2 mmol) and pyridine 
(0.34 mL, 4.3 mmol) in 5 mL dichloromethane was stirred at 25**C for 18 hours. 
The reaction mixture was filtered and the precipitate was washed with 
dichloromethane, dried and suspended in ethyl acetate. Addition of hydrochloric 
acid (1.0M/Et20. 2.0 equivalent gave the salt which was fQtered and dried to give 
200 mg of the hydrochloride salt of 7-(rrflns-4-acetyloxycyclohexylamino)- 

3- (2-chlorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one. 

Example 77 
Compound 4-20 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(irflns- 

4- methoxycarbonyloxycydohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin- 
2(lH)-one. 
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Sulfonell.1 




A suspension of 3-(2-chlorophenyl)-7-(triim-4-hydroxyqrclohex)daniino)- 
3,4-dihydropyrimido[4,5-d]pyrmiidin-2(lH)-one (200 mg, 0.5 mmol) (prepared as 
described in Example 73), and 4-diniethylaininopyridine (6.5 mg, 0.05 mmol) in 
5 tetrahydrofuran was cooled in an ice bath. Dimethylpyrocarbonate (0.6 mL, 
5.35 mmol) was added aiid the mixture was stirred at 25^C for 18 hours. The 
reaction was filtered and the precipitate was purified by column chromatography on 
silica gd using 98:2 dichloromethane/ methanol as duant to obtain 30 mg of the 
tide compound. Addition of hydrochloric add (1.0M/£t20, 2.0 equivalent) gave 
10 the salt which was filtered and dried to give 34 mg of the hydrochloride salt of 

3-{2-chlorophenyl)-7-(m2ns-4-methoxycarbonyloxycydohexylamino)-3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2( lH)-one. 

Example 78 

15 Compound 4-21 

This example illustrates the preparation of 7-(frans-4-carbamoyloxy- 
cydohexylaniino)-3-(2-cUorophenyl)-3,4-dihydropyrimido[4,5-d]pyrinudih- 
2(lH)-one. 
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Sulfonell.1 




H 



A suspension of 3-(2-chlorophenyl)-7-(/r«ns-4-hydroxycyclohexylamino)- 
3.4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one (285 mg, 0.77 mmol) (prepared 
as described in Example 73) in 3 mL dichloromethane was cooled in an ice bath, 
and chlorosulfonyi-isocyanate (0.09 mL, 1.01 mmol) was added. Thereactiion 
niixturewasstirTedat25»Cforl8hoars.thentreatedvdth0.5mLwater. The 

biphasic mixture was stirred for8houK. filtered and the precipitate was purified by 
column chromatography on silica gel using 97:3 dichloromethane/methanol to 
obtain llOmgofthe title compound. Addition ofhydrochloricadd (l.OM/Et^O. 
2.0 equivalent) gave the salt which was filtered and dried to give 94 mg of the 
hydrochloride salt of 7-(fr«m-4-carbamoyloxycyclohexylamino)-3-(2- 
chlorophenyl)-3.4-dihydropyrimido[4.5-d]pyrimidin-2(lH)-one. 

. F■«^Il|lpl«' 7Q 

Compound 4-22 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(frans- 

4-methy]aminocarbonyIoxycydohex5damino)-3.4-dihydropyiimido[4.5- 
d]pyrimidin-2( lH)-one. 
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Sulfonell.1 




O 



A suspension of 3-(2-cUorophenyl)-7-(tr<im-4-hydroxyqrdohexylamino)- 
3,4-dihydropyrimido[4,5-d]pyiimidin-2(lH)-one (350 mg, 0.94 mmol) (prepared 
as described above in Example 73) in 3 mL dichloromethane was treated with 1 mL 
(excess) methyl isocyanate, and 1 mL triethylamine. The mixture was stirred under 
nitrogen atmosphere for one week. The reaction was filtered and the precipitate 
was washed with dichloromethane, dried and suspended in ethyl acetate. Addition 
of hydrochloric acid ( 1.0M/Et20, 2.0 equivalent) gave the salt which was filtered 
and dried to give 250 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(trfl«5- 
4-methylaminocarbonyloxycyclohexyl-annino)-3,4-dihydropyrimido(4,5-d]- 
pyrimidin-2 ( 1 H) - one. 

pxampleSO 
Compound 4-3 

This example illustrates the preparation of 7-(3-carboxy-isopropylaniino)- 
3-(2-chlorophenyl)-3,4-dihydropyrimido[4,5-d)pyrimidin-2(lH)-one. 



Sulfonell.1 




Sulfone 11.1 (1.0 g, 2.97 nmiol) was combined with ethyl 3-aniinobutyrate 
(0.87 mL, 5.94 mmol). The mixture was heated to 1 10- 115 **C for 1 hour at which 
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time it was cooled to room temperature. The residue was purified by column 
chromatography on silica gel using 10:1 dichloromethane/methanol. The column 
fractions containing product ester, 7-(3-carbethoxy-isopropyIamino)-3-(2- 
chlorophenyI)-3,4-dihydropyrimido[4,5-d]-pyTimidin-2(lH)-one were combined 
and concentrated m vacuo to a solid (1.10 g). The ester (0.500 g, 1.24mmol) was 
dissoked in methanol. Addition of sodium hydroxide (0.05 g, 1.24 mmol) and 
water ( 1 mL) gave the sodium salt The solution was concaitiated in vacuo to a 
solid which was triturated in ethyl acetate for 1 hour, filtered and dried to give 0.41 

gof7-(3-carboxy-isopropylamino)-3-(2-chlorophen)d)-3,4-dihydropyrimido[4,5- 
d]-pyrimidin-2(lH)-one, (MfT = 376, m.p. 170.0- 185.5<>C) 

Example SI 
Compound 3-48 

This example fflustrates the preparation of l-benzyl-3-(2-chlorophenyl)- 

7-(fr<mj-4-hydroxycyclohexylaniino)-3,4-dihydropyrimido(4,5-d]pyrimidin- 
2(lH)-one. 

81. 1 Preparation of3-(2-chlorophenyl)-7-(trans-4- tert-butyldimethyl- 
silyhxy-cydohagdamim)-3,4-Mydropjmmido[4.5-d]pyrirnidin^ 



N N 
H 



A suspension of 3-(2-chlorophenyl)-7-(trani-4-hydroxycyclohexylamino). 
3,4-dihydropyrimidol4,5-d]pyrimidin-2(lH)-one (1.86 g, 5 mmol) (prepared as 
described in Example 73) was combined with tert-butyldimethylsUyl chloride 
(1.05 g, 7 mmol) and imidazole (0.75 g, 11 mmol) in dimethylformamide (35 mL). 
The reaction mixture was heated at 50»C for 24 hours, cooled to room temperature 
and added to water, stirred for 30 minutes, filtered and dried to give 1.88 g of 3-(2- 
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cUorophenyl)-7-(tran5-4-rerr-butyl-dimethylsilyloxyq^dohex)damino)-3,4- 
dihydropyrimido[4,5-d]pyriniidin-2(lH)-one, in.p.289-294°C 

81.2 Preparation of 1 -benzyU3'(2'chlorophenyl)'7-( trans-4- tert-butyl- 
dimethyhilyloxycyclohexylamino)'3,4'dihydr6py^ 



Sodium hydride (44 mg, 1.1 mmol (60% oil dispersion)) was added to a 
suspension of 3-(2-chlorophenyl)-7-(trans-4-tert-butyidimethylsilyloxyqrclohexyi- 
aniino)-3,4-dihydropyriinido[4,5-d]pyriniidin-2(lH)-one (486 mg, 1 nunol) in 
l-methyl-2-pyrrolidinone, and was stirred at room temperature for 25 minutes. To . 
this solution was added benzyl bromide (0.12 mL 1 nmiol) and stirred at room 
temperature for 4 hours. The reaction mixture was added to water and extracted 
with ethyl acetate. The layers were separated, and the organic layer was washed with 
water, dried with magnesium sulfate, concentrated in vacuo. The residue was 
purified by column chromatography using 25:75 acetone/hexane as eluant to give 1- 
benzyl-3-(2-chlorophen)d)-7-(tran5-4-rerr-butyldimethyl-sil^oxycyclohexyl- 
amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as an oil. 
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8L3 Preparation of l'benzyl-3'(2'chlorophenyl)-7'(tranS'4- 
hydro^cyclohexyl-arriirio)-3,4'dihydropyriTriid^^ 




l-Ben2ylO-(2-cUorophenyI)-7-(traw-4-tert-butyldimeth5dsilyi^ 
cydohexylainino)0,4-dihydropyrimido[43-d]py^ was dissolved 

in tetrahydrofuran, and tetrabutylammonioum fluoride (1.0 M/tetrahydrofuran, 1.0 
equivalent) was added. The reaction mixture was stirred at room temperature for 
24 hours, was added to water, extracted with ethyl acetate, dried with magnesium 
sulfate, and concentrated in vacuo. The residue was purified by column 
chromatography on silica gel in 90:10 dichloromethane/methanol as eluant The 
column fractions containing the product were combined and concentrated in vacuo 
to give the title compound. The product was suspended in methanol, and 
hydrochloric add (L0M/Et20, 1.0 equivalents) was added, stirred for 30 minutes 
and then evaporated to give a foam. The foam was stirred with methanol/diethyl 
ether, filtered and dried to give 130 mg of the hydrochloride salt of l-ben2yl-3-{2- 

chlorophenyl)-7-(rrfln5-4-hydroxycyclohexylamino)-3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2( lH)-one. 

Example'82 
Compound 3-55 

This example illustrates the preparation of 3-(2-chlorophenyl)-7- (trans- 

4-hydroxycydohexylaniino)-l-cyanomethyl-3,4-dihydropyrimido[4,5-d]- 
pyrimidin-2( lH)-one. 
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3-(2-CUorophenyl)-7-(trfl7is-4-r€rt-butyldimethylsilyloxyq^dohexyl-ainino)^ 
. 3,4-dihydropyrimido[4,5-d]pyriniidin-2(lH)-one (486 mg, l.Ommol) (prepared as 
described in Example 81) was suspended in l-methyl-2-pyrrolidinone (7 mL), and 
5 to this was added sodium hydride (44 mg, I.l mmol (60% oil dispersion)). The 

reaction mixture was stirred at room temperature for 25 minutes. To this solution 
was added iodoacetonitrile (0.167 mg, 1.0 nmiol) and stirred at room temperature 
for 4 hours. The reaction mixture was added to water and extracted with ethyl 
acetate, washed with water, dried over magnesium sul&te, and evaporated under 
10 reduced pressure to give an oil. The oU was purified by column chromatography on 
silica gel using 25:75 acetone/hexane as eluant. The fractions containing the 
product were combined and evaporated under reduced pressure to give 510 mg of 
3-(2-chlorophen)d)-7-(trans-4-tCTt-butyldimethyl-silyloxycydohexyIamino)-l- 
cyanomethyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one as a white solid. 
15 (M+H)''527,m.p. 100.2- 148.7°C. 

The3-(2-chlorophenyl)-7^(trans-4-tgit-butyldimethylsilyloxy- 
cydohexylamino)-l-cyanomethyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)- 
one (510 mg, 0.97 mmol) was dissolved in tetrahydofiiran, and tetrabutyl- 
20 ammoniun fluoride (l.OM in THF, 1.0 equivalent) was added. The reaction 

mixture was stirred at room temperature for 12 hours, added to water, extracted 
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with ethyl acetate, dried over magnesium sulfate, and evaporated under reduced 
pressure to give the title compound as an oU. This residue was purified by column 
chromatography on sQica gel using 90:10 dichloromethane/methanol as eluant. The 
fractions containing the product were evaporated in vacuo to give 249 mg of 3-(2- 

chlorophenyl)-7-(rr«rK-4-hydroxycydohexyl-amino)-l-cyanomethyl-3,4- 
dihydropyiimido[4,5-d] -pyrimidin-2(lH)-one as a foam. 

fcBmple83 
Compound 3-49 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(«rflns- 

4-hydroxycyclohex>damino)-l-methoxycaibonylmethii-3,4-dihydropyrimido[4^ 
d]-pyriinidin-2(lH)-one. 



/V 



o, 

,0 



3-{2-Chlorophen)d)-7-(trflm-4-«ert-butyidimethylsilyloxycyclohexylamino)- 
3.4-dihydropyrimido(4,5-d]pyrimidin-2(lH)-one (972 mg, 2 mmol) (prepared as 
described in Example 81) was suspended in l-methyl-2-pyrroUdinone (15 mL), and 
sodium hydride (88 mg, 2.2 mmol (60% oil dispersion)) was added. The reaction 
mixture was stirred at room temperature for 30 minutes, methyl bromoacetate 
(0.190 mL, 2 mmol) was added. The mixture was stirred for 6 hours. The reaction 
mixture was added to water and extracted with ethyl acetate, washed with water. 
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dried over magnesium sulfate, and evaporated under reduced pressure. The residue 
was purified by column chromatography on silica gel using 70:30 hexane/acetone as 
eluant. The fractions containing the product were combined and evaporated under 
reduced pressure to give 425 mg of 3-(2-chlorophenyI)-7-(tran5-4-tert- 
5 butyldimethylsil>4oxycyclohexylamino)- 1 -methoxycarbonylmethyl-3,4- 

diliydropyrimido-[4,5-d]pyriniidin-2(lH)-one as a white solid ((M+H)"^ 560, 
m.p.l65.7-167.4°C. 

The3-(2-chlorophenyl)-7-(tran5-4-rerr-butjddimethylsilyloxycyclohexyl- 
amino)- 1 -mcthoxycarbonyImethyl-3,4-dihydropyrimido (4,5-d] pyrimidin-2( IH)- 
one was dissolved in tetrahydrofiiran and tetrabutylanunoniun fluoride(1.0M, 
1 .0 equivalents) was added, and stirred at room temperature for 12 hours. The 
reaction mixture was added to water, extracted with ethyl acetate, dried with 
magnesium sulfate, and evaporated under reduced pressure. The residue was 
purified by column chromatography on silica gel using 90:10 dichloromethane/ 
methanol as eluant The fractions containing the product were combined and 
evaporated under reduced pressure to give the title compound as a foam. This 
product was dissolved in methanol, and hydrochloric add (l.OM, LO equivalent) 
was added, stirred for 30 minutes and evaporated under reduced pressure. The 
residue was stirred with methanol/ethyl ether, for 4 hours, filtered and dried to give 
294 mg of 3-(2-chlorophenyl)-7-(trflns-4-hydroxycyclohexylamirio)-l- 
methoxycarbon)d-methyl-3,4-dihydropyrimido-[4,5-d]pyriimdin'2(lH)-one as a 
white solid. 

25 Example 84 

Compound 3-53 
This example illustrates the preparation of 3-(2-chlorophenyl)- 
7-(tran5-4-hydroxycyclohexylamino)-l-hydroxycarbonylmethyl-3,4- 
dihydropyrimido[4,5-d]-pyrimidin-2(lH)-one. 



15 
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The 3-(2-cMorophenyl)-7-(rran5-4-hydroxyqrclohexylamino)-l-methoxy- 
carbonylmelliylO,4-dihydrop)nrimido[4,5-d]-pyrimidin-2(lH)-one (395 mg, 0,88 
mmol) (prepared as described in Example 83) was suspended in ethanol (5 mL) and 
to this was added a solution of aqueous sodium hydroxide (0.85 mL 1.037N, 
0.88 mmol). The reaction mixture was stirred at room temperature for 72 hours, 
then evaporated under reduced pressure to give the tide compound as a foam. This 
residue was stirred in a mixture of methanol/diethyl ether for 2 hours, filtered, and 
dried to give 327 mg of 3-(2-chlorophen^)-7-(trans-4-hydroxycydohexylamino)-l- 
hydroxycarbonybnethyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-one as a 
white solid. 

Example 85 
Compound 3-56 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans- 
4-hydroxycycIohexylamino)-l-(2-hydroxyeth)d)-3,4-dihydropyrimido[4,5-d]- 
pyriniidin-2( lH)-one. 

85,1 Preparation ofl'(2'triisopropylsilyloxyethyl)'3'(2'Chlorophenyl)- 
7-(tranS'4'ten'hutyldimethyhilyh7cycychhe^ 
d]pyrimidin-2( lH)-one, 
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Sodium hydride (44 mg 1.1 mmol (60% oil dispersion)) was added to a 
suspension of 3-(2-chlorophen7l)-7-(tran5-4-rert-butyldimethylsilyloxycyclohexyl- 
aniino)-3,4-dihydropyrimido[4,5-d)pyriinidin-2(lH)-one (486 mg, 1.0 mmol) 
(prepared as described in Example 81) in l-methyl-2-pyrrolidinone (7 mL), and 
stirred at room temperature for 25 minutes. 2-(Iodoethoxy) triisopropylsilane 
(328 mg, 1.0 nunol) was added, and the reaction mixture stirred at room 
temperature for 4 hours. The solution was added to water and extracted with ethyl 
acetate, washed with water, dried over magnesium sulfate, and evaporated under 
reduced pressure to give the silyl proctected intermediate as an oil. The residue was 
purified by column chromatography on silica gel using 25:75 acetone/hexane as 
eluant and the fractions containing the product and evaporated under reduced 
pressiure to give 604 mg of l-(2-triisopropyisilyloxyethyl)-3-(2-chIorophenyl)- 
7-(rram-4-tcrt-butyldimethyl-silyloxycyclohexylamino)-3,4-dihydro-pyrimido[4,5- 
dlpyrimidin-2(lH)-one as an oil, (M+H)"^ 688 
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85,2 Preparation of l-(2-hydroxyethyl)'3'(2-chlorophenyl)'7'(tranS' 
4'hydroxy'Cyclohexylamino)-3A'dihydropyrimido[4,5-d]pyri 



l-{2-Triisoprop)dsflyloxy-ethyl)0-(2-chlorophenyl)-7-(trflm-4-tcrt- 
but)ddimethylsil^oxyqrdohexykniino)-3,4-dihydropyri^ 
2(lH)-one (604 mg, 0.88 mmol) was dissolved in tetrahydrofizran. 
Tetrabutylammonium fluoride ( l.OM in tetrahydrofuran) was added to the reaction 
mixture, and stirred at room temperature for 12 hours. The solution was added to 
water and extracted with ethyl acetate, dried over magnesium sulfete and 
evaporated under reduced pressure to give the title compound as an oiI« The 
residue was purified by column chromatography on silica gel using 90:10 
dichloromethane, and the fractions containing the product were concentrated in 
vacuo to give 145 mg of l-(2-hydroxyethyl)-3-(2-chlorophenyl)-7-(rrans- 
4-hydroxycyclohexyl-aniino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2( lH)-one as 
a foam. 

Example 86 
Compound 3-52 

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(rran5-4- 
hydroxycyclohexylamino)- 1 -phenyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2( IH)- 
one. 
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86. J Preparation of ethyl 4-phenylamino-2-methylthiopyrimidine'5~ 
carboxylate 

MeS"^N"^CI MeS^N^^NHPh 

5 A mixture of ethyl 4-chloro-2-methylthiopyrimidine-5- carboxylate (15 g, 

64.5 mmol) and aniline ( 12 mL, 132 mmol) in 200 mL of acetonitrile was stirred at 
room temperature for 24 hours. The mixture was then evaporated and ethyl acetate 
and 2M aqueous hydrochloric add were added to the residue. The phases were 
separated and the organic phase was washed with aqueous hydrochloric acid, dried 
10 over sodium sulfate, filtered and evaporated. The resulting solid was purified by 
trituation with 1:3 ether/hexanes to give 14.2 g (64%) of ethyl 4-phenylamino-2- 
methylthio-pyrimidine-5-carbox)date.as a white solid, mp 88.2 - 88.7 ^C. 

86,2 Preparation of4'phenylamino-2~methylthiopyrimidine-5'methanol 

A solution of ethyl 4-phenylamino-2-methylthiopyrinnidine-5-carboxylate 
(14.2 g, 49 mmol) in 100 mL of tetrahydrofiiran was added dropwise to lithium 
aluminium hydride ( 1.9 g) in 50 mL of tetrahydrofiiran at 0°C, at which time the 

20 mixture was stirred at room temperature for 9 hours. The mixture was then cooled 
in ice and cautiously treated dropwise with 3.3 mL of water, 3.3 mL of 2M aqueous 
sodium hydroxide, 4.4 mL of water and 500 mL of ethyl acetate. The resulting 
suspension was filtered through a filter aid, and the filtrate was concentrated. The 
product was filtered and washed with ether to give 7 g of 4-phenylamino-2- 

25 methylthiopyrimidine-5-methanol as a slightly colored solid, m.p. 142.2*143.2 °C. 
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86.3 Preparation of4-phmylammq''2-methylthiopyrirriidine'5- 
carboxaldehyde 

MeS'^N^NHPh MeS-^N^NHPh 



4-Phenylarnino-2-methylthiopyrimidine-5-methanol (7 g, 28.3 mmol) of 
was stirred in 130 mL of dichloromethane and treated with manganese dioxide (25 
g, 289 mmol). The suspension was stirred for 7 hours and then filtered, and the 
filtrate was evaporated. The residue was trituated with 1:3 ether/hexanes to give 6.4 
g of 4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde as a white solid, 
m.p. 105.6-106^ ''C. 

86,4 Preparation of5'(2'chlorophenyl)aminomethyl'4'phenylamino-2' 
methylthiopyrimidine 

MeS^^N^NHPh ^ MeS^N-^NHPh 

A mixture of 4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde(6.4 
g, 26.5 mmol), 3 mL of 2-chloroaniline, and 4-toluenesulfonic acid (300 mg) in 150 
mL of toluene was heated at reflux with the azeotropic removal of water for 2.5 
hours. The mixture was cooled and filtered to give 6.6 g of solids. To this solid in 
50 mL of tetrahydrofiiran was added 20 mL of lithium aluminium hydride solution 
in IM tetrahydrofuran. After stirring for 1.5 hours 1.2 mL of water, 1.2 mL of 15% 
sodium hydroxide and 3.8 mL of water were added to the mixture. The mixture 
was stirred for 15 minutes and filtered and washed with ethyl acetate. The filtrate 
was trituated with 1:1 ether/hexanes to give 6 g of 5-(2-chlorophenyl)aminomethyl- 
4-phenylamino-2-methylthiopyrimidineasawhitesoUd., m.p. 13L1 - 131.5 °C 
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86,5 Preparation of 3-(2-chlorophenyl)'l-methyl-7-phenybhiO'3,4-dihydro- 
pyrimidol 4,5-d ]pyrimidin'2(lH)-one 




5 A cooled solution of 5-(2-cUorophenyl)ammomethyI-4-phenylamino-2- 

methylthiopyrimidine (6 g) and 5.2 mL of triethylamine in 75 mL of 
tetrahydrofuran was added dropwise 8,5 mL of phosgene (20% in toluene) in 35 mL 
of tetrahydrofuran. The mixture was stirred at room temperature overnight. 
Additional 3 mL phosgene (20% in toluene) was added to the mixture. After 

10 stirring for 15 minutes the mixture was treated with water and ethyl acetate. The 
phases were separated and the organic phase was washed with brine, dried over 
sodium sulfate, filtered and evaporated. The crude product was purified by column 
chromatography using 10:45 ethyl acetate/hcxanes as duant to give 2.1 g of 3-(2- 
chlorophenyl)-7-methylthio- 1 -phenyl-3,4-dihydropyrimido [4,5-d] -pyrimidin- 

15 2( lH)-one as a white solid, m.p. 79.5 - 82.4 ^C. 

86.6 Preparation of3'(2'chlorophenyl)-7'TnethanesulfonyUl'phenyl-3,4- . 
dihydropyrimidol4,5'd]pyrimidin-2(lH)-one 




To 3-(2-chlorophenyl)-7-methylthio- l-phenyl-3,4-dihydropyrimido- 
[4,5-d]pyrimidin-2(lH)-one (2 g) in 20 mL of tetrahydrofuran at 0**C was added a 
solution of 8.1 g of Oxone® in 24 mL of water. The mixture was stirred for 5 hours 
at room temperature, diluted with ethyl acetate, washed with brine, dried over . 
25 sodium sulfate, filtered, and evaporated to give 2 g of 3'(2-chlorophenyl)-7- 
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methanesulfonyl-l-phenyl-3,4-dihydropyrimido[4,5-d]pyr^ 
185.8-186.3°C. 

86 J Preparation of3-(2'Chlorophertyl)'7'methanesulfonyl-l''phenyl-3,4- 
dihydropyrimido[4,5-d]pyrimidin'2(lH)'One 




A suspension of 3-(2-chlorophenyl)-7-methanesulfonyl-l-phenyl-3,4- 
dihyckopyrimido[4,5-d]pyTimiclin-2(lH)-one (0.212 g) and l-amino-4- 
q^clohexanol (0,19 g) in 0.3 mL of l-methyl-2-pyrrolidinone was heated at lOO^'C 
for 2 hours. The mixture was cooled, treated with 1:2 ether/hexanes, and filtered. 
The residue was purified using 10% methanol in dichloromethane to give 149 mg of 
the title compound, which was taken up in 10 mL of etfaanol. Hydrogen chloride 
gas was bubbled through the solution for 5 minutes, concentrated, and treated with 
methanol and ether. The resulting solids were filtered and washed with ether to give 
100 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(trans-4- 
hydroxyqrdohexylamino)- 1 -phenyl-3,4-dihydropyrimido [4,5-d]pyrimidin-2( IH) - 
one. 

Example 87 
Compound 4-28 

This example illustrates the preparation of 3-(2-chlorophenyi)-7-[rran5-4- 
(methanesulfonylamino)cyclohexylamino ] -3,4-dihydropyrimido l4,5-d] pyiimidin- 
2(lH)-one. 

87,1 Preparation 7'(tranS'4Hminocydohexyhmino)-3'(2'dilorophenyl)-l- 
[2-(trimethybilyl)ethoxymethyl]-3,4-dihydropyrirnido[4^^^ 
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To a solution of sulfone 11.1 (3.0 g, 8.87 mmol) in 10 mL of l-methyl-2- 
pyrrolidinone was added 60% sodium hydride (390 mg, 9.76 mmol, mineral oil). 
The reaction was stirred for 15 minutes at room temperature and then 2- 
5 (trimethylsilyl)ethoxy-methyl chloride (1.57 mL, 8.87 mmol) was added. The 

reaction was stirred at room temperature for 4 hours. To this solution was then 
added 5.06 g of trflns-l,4-diamino-cyclohexane predissolved in 15 mL l-methyl-2- 
pyrrolidinone. The reaction was then warmed to 60**C for 24 hours. The reaction 
was poured into brine and the product extracted into ethyl acetate. The combined 

10 organic extracts were washed with saturated sodium bicarbonate and water, dried 
over magnesium sulfate, and concentrated in vacuo to give a light brown oil. 
Purification by chromatography using 2% methanol/dichloromethane to 5% 
methanol/dichloromethane as eluant gave 2.8 g of 7-(rran5-4'-aminocyclohexyl- 
amino)-3-(2-chlbrophenyl)-l- (2-(trimethylsilyl)ethoxymethyl] -3,4-dihydro- 

15 pyrimido[4,5-d]pyrimidin-2(lH)-one as a pale yeDow foam. (MH* = 502). 



87.2 Preparation 3-(2''Chlorophenyl)-7'[tran5'4-( methanesulfonylamino)- 
cyclohexylarnirio]'l'[2-(trirnethykilyl)etho:qmethyl}'3,4-d^ 
d]pyrimidin-2(l H) -one 



NH, 



20 O 3 



V 
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To a solution of 7-(tram-4-aminocydohexylamino)-3-(2--chlorophenyl)-l- 
[2-(triinethylsilyI)ethoxymethyl] 0,4-dihydropyrirnido[4,5-d]pyrimiciin-2( lH)-one 
(500 mg, 1.04 mmol) in 5 mL of dicloromethane were added triethylamine (0.29 
mL, 0.207 mmol) and a solution of methane sulfonic anhydride (0.2 g, 1.14 mmpl) 
in 5 mL of dichloromethane. The reaction mixture was stirred at room temperature 
for 24 hours, diluted with ethyl acetate, and washed with aqueous 10% sodium 
bicarbonate. The organic ortracts were concentrated in vacuo, and purified by 
chromatography using 2% methanol/dichloromethane to 3% methanol/dichloro- 
methane as eluant to give 292 mg of 3-(2-chlorophenyl)-7-[tran5-4-(methane- 
sulfonylamino)cyclohexylamino] - 1 - [2-(trimethylsilyl)ethoxymethyl] -3,4-dihydro- 
pyrimido[4,5-d]pyrimidin-2(lH)-one as a white foam. (MH"*" = 581) 

873 Preparation 3'(2'chhrophenyl)-7'ltraTis-4-(rnethaTte5ulfonylarriinoh 
cyclohexylamino}'3A'dihydropyriTriidol4,5'd]pyrirrii 




To a solution of the 3-(2-chlorophenyl)-7-[trafis-4-(methanesulfonylamino)- 
cydohexylanuno]-l-[2-(trimeth)dsil3d)ethoxjanethyl]-3,4-dihydropyrimido[4,5- 
d]pyrimidin-2(lH)-one (290 mg, 0.5 mmol) in 5 mL methanol was added 4.0 mL 
of 10% aqueous hydrochloric add. The reaction mixture was stirred at 40*'C for 24 
hours, and was concentrated in vacuo. Repeated triturations of the colorless oil with 
ethyl acetate gave 3-(2-chlorophenyl)-7-[frans-4-(methanesulfonylamino)cydo- 
hexylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)-one a white sohd 
which was collected by vacuum filtration. 
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7-Hydroxyalkylainiiio- and 7-Hydroxycycloalkylainino-substituted 
l-methyl-3,4-dihydropyriinido[4,5-d]pyriinidin-2(lH)-OM derivatives 




Cpd 




mp CO or 
MS(MH^) 


Method of 
Preparation 


1-1 






334 


Example 2 


1-2 


HO^ 

( 


CH; 




^ 348 


Example 4 


1-3 


CH3 




348 


Example 5 


1-4 




r 




253,8- 
255.0^C 


Example 2 


1-5 


HO^ 
HO 




364 


Example 2 


1-6 


HO^'^ 
01 




364 


Example 2 


1-7 


,CH3 


362 


Example 2 


1-8 


HO^ 

H3C 




362 


Example 2 
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Cpd 


R' 


mp CO or 
MS (MH*) 


Method of 
Preparation 


1-9 


OH 




Example 2 


1-10 


OH 


362 


Example 2 


1-11 


HO-^ 


378 


Example 2 


1-12 


HgC^^^OH 

6h 


108-130°C 


Example 3 


1-13 


5h oh 


199-204°C; 

378 


Example 3 


1-14 




378 


Example 3 


1-15 


^OH 

HaCv,^,^^ 
CHa 


376 


Example 2 


1-16 


^OH 
H3C^"-^i 


376 


Example 2 
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Cpd 




mpCOor 
MS(Mir) 


Method of 
Preparation 


1-17 




388 


Examples 


1-18 


< 


390 


Example 2 


1-19 


OH 

o 


388 


Example 3 


1-20 


OH 


388 


Example 3 


1-21 


HO 


388 


Example 2 


1-22 


CH3 
HO.^^1 


390 


Example 2 


1-23 




390 


Examples 



The ICso's of compounds 1-1 through 1-23 in the in vitro p38 assay were less 
than 10 {iM. 
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TABLE 2 

7-Heterocyclylaniino- and 7-Heteroqrcl)dalkylamino-substituted 
3>4-dihydropyriniido[4,5-d]pyriinidin-2( lH)-one derivatives 




Cpd 


Rl 


R3 


R2 


R4 


nip(«C) 
MS (MH*) 


Example 


2-1 




CHj 




XT. 






2-2 




CH, 




H 


415 


2 


2-3 




CH3 


2-a 


H 


402 


2 


2-4 




CH3 


2-a 


H 


417 


2 


2-5 






2-a 


H 


408 


2 


2-6 


Jf 


CH3 


2-a 


H 


402 


2 


2-7 




CHa 


2.a 


H 


415 


2 
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Cpd 


Rl 


R3 


R2 


R4 


MS(MH*) 


Example 


2-8 


cr 




2-CH3 


H 


212.6- 
218.9*'C 


25 


2-9 




CH3 


2-CH3 


u 

Jul 


253.9**C 
443 


54 

4m** 


2-10 


cr 


H 


2-a 


H 


360 


47 


2-11 




CH3 


2-CH3 


H 


410 


52 


2-12 


I 


CH3 


2-CH3 


H 


230.0- 
233.0°C 


32 


2-13 


OCT 


CH3 


2-CH3 


H 


397 


27 


2-14 


OH f^'^Y' 


CH3 


2.CH3 


H. 


195-208**C 
427 


26 


2-15 


in 

N 


CH3 


2-CH3 


H 


195- 
208.5*^0 
406 


28 


2-16 






2-CH3 


H 


165-172*'C 
410 


29 


2-17 




CH3 


. 2-Cl 


H 


412 


33 
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Cpd 


Rl 


R5 


R2 


R4 


mprc) 
MS(Mir) 


Example 


2-18 






2-CH3 




487 


31 


2-19 


CH, 


H 


2-Cl 


H 


210.2- 
214.4*»C 
456 


57 


2-20 


OCH3 


CH3 


2-CH3 


H 


241.6- 
242.rC 
347 


30 


2-21 








IT 


260.6- 
261.5°C 
455 


55 


2-22 




H 


2-Cl 


H 


207.2- 
207.7X 
412 


56 


2-23 




H 


2-a 


H 


229.9- 
232.2**C 
430 


58 


2-24 




H 


2-Cl 


H 


215-219'»C 
431 


59 


2-25 




H 


2-a 


CH3 


243.2- 
243.r»C 


50 


2-26 




H 


2-a 


H 


416 


52 
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Cpd 


Rl 


R3 


R2 


R4 


mp rC) 

MS (MH*) 


Example 


2-27 




H 


2-Cl 


H 


441 


53 


2-28 


o 


H 


2-CI 


H 


431 


68 



The ICso's of compounds 2-1 through 2-1 1, 2-13 through 2-24, and 2-28 in 
the in vitro p38 assay were less than 10 |xM. 



TABLES 

7-Heteroalk]dainmo- and 7-Heterosubstitutedqrdoalk]dainino-substituted 
3,4-dihydropyrinudo[4,5-dlpyrimidin-2(lH)-one derivatives 




Cpjd 


Rl 


R3 

Other than H 


R2 


R4 


mp CO 
MS (MH^) 


Example 


3-1 


CH3 
CH3 


CH3 


2-Cl 


H 


183-235 
375 


2 


3-2 


CH3 


CHs 


2-a. 


H 


375 


2 


3-3 


CH3 


CH3 


2-CH3 


H 


355 


2 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


MS (MH*) 


Example 


3-4 


3 


CH3 


2-a 


H 


361 


2 


3-5 


0 

X ^ ^ 

H,C ^ 


CH3 


2-a 


H 


375 


3 


3-6 


XT 




2.C1 


H 


387 


2 


3-7 


^OH 

LI 1 


CH3 


3-Cl 


H 


390 


2 


3-8 


Un 


CH3 


2-CI 


H 


363 


2 


3-9 




CH3 


2-CH3 


H 


368 


21 


3-10 




CH3 


2-F 


H 


371 


3 


3-11 


H3C CH3 


CH3 


3-a 


H 


362 


2 


3-12 


H3C CH3 


CH3 


2-CH3 


H 


342 


2 


3-13 


H3C CH3 


CH3 


3-CH3 


H 




2 


3-14 


^OH 
CH3 


CHj 


3-a 


H 


376 


2 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


MS (MHO 


Example 


2 1 c 


CH3 




2-CH3 


H 


356 


2 


3-16 




CH3 


2.F 


H 


372 


3 


3-17 


a. 

OH 


CH3 


2-CH3 


H 


368 


3 


3-18 


a" 


CH3 


2-F 


H 


372 


3 


3-19 


CX' 


CH3 


2-CH3 


H 


368 


3 


3-20 




CH3 




H 


388 


3 


3-21 


HO^ 


3 1 
HjC^O-"^ 


2-a 


H 


169.7- 
175.1*^0 
464 


41 


3-22 




1 

0 


2-0 


H 


244- 

248^*0 

417 


40 


3-23 


CH3 


CH3 


2-CH3 


H 


119.8- 
12l.8^C 
358 


22 


3-24 


6^ 


CH3 


2-a 


H 


387 


3 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


mp(*»C) 
MS(Mir) 


Example 


3-25 


,o 


CH, 


2-a 


H 


387 


3 


3-26 


XT 




2-Cl 


H 


471 


37 


^ At 


sy 




2-Cl 


H 


473 


38 


3-28 


H3C CH3 


CH, 


2-a 


H 


203.1- 
204.I«C 
392 


6 


3-29 


sy 




2-a 


H 


448 


60 


3-30 






2-Cl 


H 


445 


39 


3-31 




/ \ 
H3C CH, 


2-Cl 


H 


487 


61 


3-32 




CH3 


2-a 


H 


459 


43 


3-33 


H3C CH3 


CHj 


2-CH3 


H 


372 


23 
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Cpd 


Kl 


R3 

Other than H 


R2 


R4 


MS(Mtr) 


Example 


3-34 


OH 

H3C-V 


CH, 


2-a 


H 




3 


3-35 




1 


2-Cl 


H 


471 


62 








7-C\ 


H 


417 


62 


3-37 


XT 


0 


2-Cl 


H 


431 


43 


3-38 






2-Cl 




416 


14 


3-39 




CH3 


2-01 


H 


402 


14 


3-40 


(pH, 

CO"' 


CH3 


2-a 


H 


446 


15 


3-41 




CH, 


2.a 


H 


430 


16 


3-42 




CH3 


2-Cl 


H 


428 


13 


3-43 




CH3 


2.CI 


H 


203.7- 
207.8°C 
402 


7 
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Cpd 


Rl 


R3 

OtherthanH 






mp(°C) 

MS (MlT) 


Example 


3-44 


OH 


CHj 


2-Cl 


H 


462 


17 


3-45 




CHj 


2-CI 


H 


164.1- 

leB.i^c 

430 


8 


3-46 






2-a 


H 


233.4- 
2363*'C 
386 


10 


3-47 






2-a 


H 


148.3- 
263.7*C 
488 


9 


3-48 






2-Cl 


H 


218.5- 
221*»C 
464 


81 


3-49 




0 


2-Cl 


ii 


2l5''C 
446 




3-50 




CHj 


2-01 


H 


181.0- 
225.0°C 
401 


11 


3-52 


sy 


6 


2-01 


H 


277.6- 
279.1'*C 


86 


3-53 




0 


2-Cl 


H 


230- 
240«'C 
432 


84 
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Cpd 


Rl 


R3 

Other than H 


R2 


R4 


MS (MH^) 


Example 




o 








>3UU, Vrf 

456 


12 


3-55 






2-Cl 


H 


130.8"C 
413 


82 


3-56 






2-Cl 


H 


96.6- 
122.8X 
418 


85 


3-57 


^ rr 

3 0 


CHj 


2-Cl 


H 


263.3- 


19 


3-58 


H3C ,9 


CH3 


2-a 


H 


22L8- 


20 


3-59 




CH3 


2-Cl 


H 


247- 
255**C 


18 


3-60 






2-Cl 


H 


130- 
133.5**C 
456 


42 



The ICso's of compounds 3-1, 3-3, 3-5 through 3-10, 3-12, 3-14 through 
3-23, 3-27 through 3-36, 3-38, 3-39, 3-41 through 3-58, and 3-60 in the in vitro p38 
assay were less than 10 )iM. 
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TABLE 4 

7-HeteroalkyIainino- and 7-Heterosubstitutedqrcloalkjrlaniino-siibstituted 
3,4-dihydropyriinido[4,5-d]pyriinidm-2(lH)-one derivatives 



Cpd 


Rl 


R2 


R4 


MS (MIT) 


Example 


4-1 


HO^ CH 


2-CI 


H 




44 


4-2 




2-a 


H 


193.7- 
194.5^'C 
375 


73 . 


4-3 


CH3 


2-Cl 


H 


17a-185.5*»C 


80 


4-4 


OH 
CH3 


2- 

CH3 


H 


16I-172*^C 
344 


63 


4-5 




2- 

CHj 


H 


214.0- 
2I7.5**C 


74 


4-6 


OH 
CH3 


2-a 


H 


123-129*C 
364 


45 


4-7 


H3C CH3 


2-Cl 


H 


348 


4 
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Cpd 


Rl 


R2 


R4 


mprC) 
MS (MIT) . 


Example 


4-8 




2-a 


H 


leT-lTS.S^'C 
373 


46 


4-9 




2-a 


H 


396 


3 


4-10 




2-a 


H 


334 


4 


4-11 




2-a 


H 


— 


3 


4-12 


OH 


2-a 


H 


177.4- 
184.5*'C 


3 


4-13 




2.a 


H 


>300*'C 
. 416 


76 


4-14 




2-a 


H 


249.9- 
250.1X 
374 


48 


4-15 




2-a 


H 


>300*C 
402 


75 


4-16 




2-a 


H 


241.8- 
242.4**C 
387 


49 


4-17 




2-a 


H 


208.3- 
217.9*'C 
388 


54 
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Cpd 


Rl 


R2 


R4 


mpro 

MS (Mir ) 


Example 


4-18 




2-a 


H 


271.1-272«C 


51 


4-19 




2-Cl 


H 


shrinks 
171*»C 

bubbles 
ISl^C 
388 


67 


4-20 


o r^N-"'* 


2-Cl 


H 


>260*'C 
' 432 


77 


4-21 




2-Cl 


Yl 


267 '267. €C 
417 


/o 


4-22 


0 (^-'^^ 


2-a 


H 


269-271«C 
431 


79 


4-23 




2-a 


H 


204.0- 
210,0"=»C 
372 


72 


4-24 




2-a 


H 


173.6- 
189.7**C 
416 


71 


4-25 




2-a 


H 


>300*C 
373 


69 


4-26 


H3C^ 0 


2-a 


H 


235,5-237°C 
373 


70 
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Cpd 


Rl 


R2 


R4 


MS (MIT) 


Example 


4-27 


CH3 


2-a 


H 


334 


4 


4-28 


3 0 


2-Cl 


H 


292.8- 
293.2*'C 
451 


87 



The ICso's of compounds 4-1 through 4-8, 4-10 through 4^28 in the in vitro 
p38 assay were less than 10 |iM. 

Example 88 
In vitro p38 MAP kinase inhibition assay 

This example illustrates a p38 (MAP) kinase in vitro assay useful for 
evaluating the compounds of the present invention* 

The p-38 MAP kinase inhibitory activity of compounds of this invention in 
vitro was determined by measuring the transfer of the y-phosphate from y-^^P-ATP 
by p-38 kinase to Myelin Basic Protein (MBP), using a minor modification of the 
method described in Ahn, et aL, J, Biol Chem. 266:4220-4227 (1991). 

The phosphorylated form of the recombinant p38 MAP kinase was co- 
expressed with SEK-1 and MEKK in E. Coli (see, Khokhlatchev, et aL L Biol. Chem, 
272:1 1057-1 1062 (1997)) and then purified by aflfinity chromatography using a 
Nickel column. 

The phosphorylated p38 MAP kinase was diluted in kinase buffer (20 mM 3- 
(N-morpholino)propanesulfonic add, pH 7.2, 25 mM ^-glycerol phosphate, 5 mM 
ethylene glycol-bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid, 1 mM 
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sodium ortho-vanadate, 1 mM dithiothrdtol, 40 mM magnesium chloride). Test 
compound dissolved in DMSO or only DMSO (control) was added and the samples 
were incubated for 10 min at 30OC. The kinase reaction was initiated by the 
addition of a substrate cocktafl containing MBP and Y-33p.ATP. After incubating 
for an additional 20 min at 3(PC, the reaction was terminated by adding 0.75% 
phosphoric acid. The phosphor)dated MBP was then sq)arated from the residual y- 
33p.ATP using a phosphocellulose membrane (Millipore, Bedfrod, MA) and 
quantitate4 using a scintiDation counter (Packard, Meriden, CT). 

<■ Example 89 

In vitro TNF-g inhibition snof ^ ^y 

This example illustrates an in vitro assay to evaluate the inhibition of LPS- 
induced TNF-a production in THPl cells. 

The abihty of the compounds of this invention to inhibit the TNF-a release 
was determined using a minor modification of the methods described in BUfdd, et 
al. Transplantation, 51:498-503 (1991). 

(a) Induction ofTNFbiosvntli«>sf<- 

THP-1 ceUs were suspended in culture medium [RPMI (Gibco-BRL, 
Gaathersburg. MD) containing 15% fetal bovine serum, 0.02 mM 2-mercapto- 
ethanol], at a concentration of 2.5 x 10^ ceUs/mL and then plated in 96 weU plate 
(0.2 raL aliquots in each well). Test compounds were dissolved in DMSO and then 
diluted with the culture medium such that the final DMSO concentration was 5%. 
Twenty five pL aUquots of test solution or only medium with DMSO (control) were 
added to each well. The ceUs were incubated for 30 min., at 37 OC. LPS (Sigma. St 
Louis, MO) was added to the wells at a final concentration of 0.5 (ig/mL, and cells 
were incubated for an additional 2 h. At the end of the incubation period, culture 
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supematants were collected and the amount of TNF-a present was determined 
using an ELISA assay as described below. 

(b) ELISA Assay : 

5 The amount of human TNF-a present was determined by a specific trapping 

ELISA assay using two anti-TNF-a antibodies (2TNF-H12 and 2TNF-H34) 
described in Reimund, J. M., et al. GUT. Vol 39(5), 684-689 (1996). 

Polystyrene 96-well plates were coated with 50 fil per well of antibody 

10 2TNF-H12 in PBS ( 10 Jig/mL) and incubated in a humidified chamber at 4 

overnight. The plates were washed with PBS and then blocked with 5% nonfat-dry 
milk in PBS for 1 hour at room temperature and washed with 0.1% BSA (bovine 
serum albumin) in PBS. 

15 TNF standards were prepared firom a stock solution of human recombinant 

TNF-a {R&D Systems, Minneapolis, MN), The concentration of the standards in 
the assay began at 10 ng/mL followed by 6 half log serial dilutions. 

Twenty five )iL aliquots of the above culture supernatants or TNF standards 
20 or only medium (control) were mixed with .25 ^L aliquots of biotinylated 

monoclonal antibody 2TNF-H34 (2 |ig/mL in PBS containing 0.1% BSA) and then 
added to each well. The samples were incubated for 2 hr at room temperature with 
gentle shaking and then washed 3 times with 0.1% BSA in PBS. 50 Jil of peroxidase- 
streptavidin (Zymed, S. San Francisco, CA.) solution containing 0.416 ^ig/mL of 
25 peroxidase-streptavidin and 0.1% BSA in PBS was added to each weU. The samples 
were incubated for an additional 1 hr at room temperature and then washed 4 times 
with 0.1% BSA in PBS. Fifty fiL of O-phenylenediamine solution (1 jig/mL O- 
phenylene-diamine and 0.03 % hydrogen peroxide in 0.2M citrate buffer pH 4.5) 
was added to each well and the samples were incubated in the dark for 30 min., at 
30 room temperature. Optical density of the sample and the reference were read at 450 
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nm and 650 nm, respectively. TNF-a levels were determined from a graph relating 
the optical density at 450 nm to the concentration used. 

The IC50 value was defined as the concentration of the test compound 
corresponding to half-maximal reduction in 450 nm absorbance. 

Example 9Q 

This example illustrates an in vivo assay to evaluate the inhibition of LPS- 
induced TNF-a production in mice (or rats). 

The ability of the compounds of this invention to inhibit the TNF-a release, 
in vivo, was determined using a minor modification of the methods described in 
described in Zanetti, ef. a/., /. Immunol 148:1890 (1992) and Sekut, et al, /. Lak 
CUn. Med,, 124:813 (1994). 

Female BALB/c mice weighing 18-21 grams (Charles River, Hollister, GA) 
were acdimated for one weeL Groups containing 8 mice each were dosed oraDy 
either with the test compounds suspended or dissolved in an aqueous vehicle 
containing 0,9% sodium chloride, 0.5% sodium carboxymethyl-cellulose. 0.4% 
polysorbate 80, 0.9% benzyl alcohol (CMC vehicle) or only vehicle (control group). 
After 30 min„ the mice were injected intraperitoneally with 20 fxg of LPS (Sigma, St 
Louis, MO). After 1.5 h, the mice were sacrificed by CO2 inhalation and blood was 
harvested by cardiocentesis. Blood was darified by centrifugation at 15,600 X g for 
5 min., and sera were transferred to clean tubes and frozen at -20**C until analyzed 
for TNF-a by EUSA assay (Biosource International, Camarillo, CA) following the 
manufacturer's protocol 



It is understood that the examples and embodiments described 
herein are for iUustrative purposes only and that various modifications or changes 
in hght thereof wiU be suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of the appended claims. 
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Claims 



1. 



A compound selected from the group of compounds represented by 



formula I: 



Rl 




'n 



R3 



(I) 



wherein 

the subscript n is an integer of from 0 to 3; 

B} is ac^, heteroalkyl, optionally substituted axylheteroalkyl, heteroalken)d. 



heteroalkynyU heteroalkylcarbon}d, heterosubstituted cydoalkyl, 
heterosubstituted cydoalkyialkyl, heterosubstituted cydoalkyl- 
alkenyl> heterosubstituted cydoalkylalkyn^» heteroalkylsubstituted 
cydoalkyl, optionally substituted heterocydyl, optionaUy substituted 
heterocydyialkyl, optionally substituted heterocyclyl spiro cydoalk^, 
-(alkylene)-C(0)-R" or .(heteroalkyiene)-C(0)-R"; 



R"isalkyi, haloalk)d, amino, monosubstituted amino, disubstituted amino, 
optionaDy substituted cycloalkjd, optionally substituted cydoalkyi- 
alkyl, optionally substituted aryl, optionally substituted aralkyU 
optionally substituted heteroaryl, optionally substituted 
heteroaralkyl> hydroxy, or alkoxy; 
is each independendy in each occurrence alkyl, halo, heteroalkyl or vinyl; 

R^ is hydrogen, alkyl, heteroalk)d» optionally substituted ar]d, optionally 
substituted araUqd, optionally substituted heteroaryl, optionally 
substituted heteroaralkyl, optionally substituted cydoalkyl, 
cydoalkenyl, optionally substituted cydoalkyialkyl, haloalkyl, 
cyanoalkyl, heterosubstituted cydoalkyl, heterosubstituted 
cydoalkyialkyl, heteroalkylsubstituted cydoalkyl, optionally 



wherein: 
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substituted heterocydyl, optionally substituted heterocydyialkyl, 
-(alkylene)-C(0)R^^ or -(heteroalkylene)-C(0)R^^ 
wherein: 

R^' is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted 
amino, disubstituted amino, optionally substituted qrdoalkyl, 
optionally substituted cydoalkylalkyl, optionaUy substituted aryl, 
optionally substituted aralkyl, optionaUy substituted heteroaryl, or 
optionally substituted heteroaralkyl; and 
R* is hydrogen, alkyl, or -(alkylerie)-COR^*; 

and an individual isomer, a racemic or nonraccmic mixture of isomers, or a 

pharmaceutically acceptable salt thereof. 

2. A compound according to claim 1, wherein R^ is acyl, heteroalkyl, 
optionally substituted aryiheteroalkyi, heteroalkenyl, heteroalkynyl, heteroalkyl- 
caibon)d, heterosubstituted cydoalkyl, heterosubstituted cydoalkylalkyl, 
heterosubstituted cydoalkylalkenyl, heterosubstituted cydoalkyialkynyl, 
heteroalkyisubstituted cydoalkyl, optionally substituted heterocydyl, optionally 
substituted heterocydyialkyl, optionally substituted heterocydyl spiro cydoalkyl, 
-(aIkylene)-C(0)-R" or -(heteroalkyiene)-C{0)-R"; wherein: 

R" is alkyl, haloalkyl, amino, monosubstituted amino, disubstituted amino, 
optionally substituted cydoalkyl, optionally substituted cydoalkylalkyl, aryl, 
optionally substituted aralkyl, optionally substituted heteroaryl, optionally 
substituted heteroaralkyl, hydroxy, or alkoxy. 

3. A compound in accordance with Claim 1 or Qaim 2, wherein R'* is 
hydrogen. 

4. A compound in accordance with Qaim 1 or Qaim 2, wherein n is an 
integer of from 1 to 2, and each R^ is independently halo or alkjd. 

5. A compound in accordance with Claim 4, wherein -(R^)n represents 
2-halo or 2,6-dihalo. 
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6. A compound in accordance with Qaim 4, wherein -(R^)ii represents 
2-methyL 

7. A compouhd in accordance with Qaim 1 or Claim 2, wherein is 
5 hydrogen, alkyl, haloalkyl» or heteroalkyl. 

8. A compound in accordance with Qaim 7, wherein is hydrogen, 
alkyl or heteroalkyl. 

10 9. A compound in accordance with Qaim 7 or Qaim 8, wherein R^ is 

hydrogen or methyl 

10. A compound in accordance with Qaim 7, wherein R^ is 2,2,2- 
trifluoroethyl. 

15 

11. A compound in accordance with Qaim 7 or Qaim 8, wherein R^ is 
heteroalkyl. 

12. A compound in accordance with Qaim 1 or Qaim 2, \\^erein R^ is 
20 heteroalkyl, optionally substituted arylheteroalkyl, heterosubstituted cydoalkyl, 

heterosubstituted cydoalkjdalkyl, heteroalkylsubstituted cydoalkjd, optionally 
substituted heterocydyl, or optionally substituted heterocyd)daIkyl. 

13. A compound in accordance with Qaim 12, wherein R^ is optionally 
25 substituted heteroalkyl. 

14. A compound in accordance with Qaim 13, wherein R^ is 
hydroxyalkyl. 



30 



15. A compound in accordance with Qaim 14, wherein R^ is halo or 
methyl, R^ is metiiyl and n is 1 or 2. 
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16. A compound in accordance with Claim 12, wherein is 
heterosubstituted cycloalkyl. 

17. A compound in accordance with Claim 16. wherein is halo or 
methyl, R^ is methyl and n is 1 or 2. 

18 A compound in accordance with Claim 17 wherein is 
hydroxycydoalkyL 

19. A compound in accordance with Claim 12, wherein R^ is optionally 
substituted heterocyclyl or optionally substituted heterocydylalkyl. 

20. A compound in accordance with Qaim 19, wherein R^ is halo or 
methyl, R^ is methyl or hydrogen and n is 1 or 2. 

21. A compound in accordance with Claim 18, wherein R^ is halo or 
methyl, R^ is heteroalkyi and n is 1 or 2. 

22. A compoimd according to Claim 1 which is 

3-(2-chlorophenyI)-7-(frans-4-hydroxycydohexylamino)-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one, 
and pharmaceutically acceptable salts thereof. 



23. A compound according to Claim 1 sdected from 

3-(2-chlorophenyl)-7-(tetrahydropyran-4-ylaniino)-3,4-dihydropyrimido[4,5. 
d] pyrimidin-2( lH)-one, 

7- [ l-(2-hydroxyethyl)-piperidin-4-)damino]-l-methyl-3-iwtfeo-tolyl-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( lH)-one, 

3-(2-chlorophenyl)-7-[(rran5-4-methoxycyclohexyl)meth)4amino]-l-methyl- 
3,4-dihydropyrimido[4,5-d]pyriniidin-2(lH)-one, and 

3-(2-chlorophenyI)-7-(4-oxo-cyclohexylamino)-l-methyl-3,4- 
dihydropyrimido[4,5-d]pyrimidin-2( IH) -one; 
and pharmaceutically acceptable salts thereof. 
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24. A method for the preparation of a compound of formula (I) 
according to Claim 1, wherein R^-R^ are as defined in Claim 1, said method 
comprising: 

(a) treating a compound of formula II 



wherein n, R and R have the meanings provided in daim 1, with 
the proviso that any interfering reactive group present is optionally in protected 
form, and L is a leaving group, 

with an amine of formula III 



proviso that any interfering reactive group present is optionally in protected form, 
and where required, deprotecting any protected group present in the reaction 
product, 

and, where desired, optionally converting the compound into a pharmaceutically 
acceptable salt. 

25, A method for the preparation of a compound of formula (I) 
according to Claim 1, wherein R^-R^ are as defined in Qaim 1, said method 
comprising: 

(a) treating a compound of formula IV 




(ID 



R'R*-NH (III) 
wherein R' and R'* have the meaning provided in claim 1, with the 




(IV) 
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wherein X is halo, R is alkyl, and and R^ have the meaning 
provided in Claim 1, in the presence of a base to afford a compound of 
formula V 




R3 

(V) 

(b) treating a compound of formula V with an oxidizing agent 
followed by an amine of the formula R^R^NH (wherein and R^ and R^ have 
the meaning provided in Qaim 1) to afford a compound of formula (I). 

and, where desired, optionally converting the compound into a pharmaceutically 

acceptable salt 

26. A compound according to any one of claims 1-23 for use as 
medicaments. 

27. A pharmaceutical composition comprising a compound of any one 
of Qaims 1-23, or an isomer, racemic or non-racemic mixture of isomers, or a 
pharmaceutically acceptable salt thereof, in admixture with at least one pharma- 
ceutically acceptable carrier. 

28. A compound according to any one of claims 1-23 for use in the 
treatment of arthritis, Crohn's disease, irritable bowel syndrome, adult respiratory 
distress syndrome, chronic obstructive puhnonary disease, osteoporosis, or 
Alzheimer's disease. 



29. The use of a compound according to any one of claims 1-23 in the 
treatment of arthritis, Crohn's disease, irritable botwel syndrome, adult respiratory 
distress syndrome, chronic obstructive puhnonary disease, osteoporosis, or 
Alzheimer's disease. 
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30. A process for the preparation of a medicament which comprises 
bringing a compound according to any one of claims 1-23 or a pharmaceutically 
acceptable salt thereof into a galenical administration form together with a 
compatible pharmaceutical carrier. 

31. The use of a compound according to any one of claims 1-23 in the 
preparation of a medicament for tiie treatment of arthritis, Crohn's disease, irritable 
bowel syndrome, adult respiratory distress syndrome, chronic obstructive 
pulmonary disease, osteoporosis, or Alzheimer's disease. 

32. A compound according to any one of claims 1-23 whenever prepared 
according to a process of claim 24 or claim 25. 

33. The new compounds, intermediates, processes and pharmaceutical 
compositions as described hereinbefore. 
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